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In recent years, considerable attention has been paid to industrial wastes which are 
usually discharged on land or into sources of water. It is anticipated that the industrial 
activities will accelerate with the pace of development. This would have adverse impact 
on agriculture and would cause environmental degradation. On the other hand, a huge 
amount of wastewater generated from pulp and paper industries has an important role to 
play in the context of scarcity of fresh water resources for irrigating agricultural land. 
Besides being a useful source of plant nutrient (N, P, K, S etc.), these effluents often 
contain high amount of various organic and inorganic materials as well as toxic trace 
elements. These may accumulate in soils in excessive quantities in long-term use. 
Subsequently, these toxic elements may cause physical problems to human beings and 
animals by entering the food chains. However, industrial wastewater could be used safely 
and effectively with proper precautions to increase the soil productivity. The utilization 
of industrial wastes for agricultural purposes could also provide a solution to the disposal 
problems (Chhonkar et ai, 2000; Mehdi ei al., 2008). 
Pulp and paper industry is one of the notorious polluters of the environment. It 
has been categorized as one of the I?*** most polluting industries in the country due to the 
discharge of huge volumes of highly coloured and toxic wastewater in the environment 
(Martin, 1998; Santosh, 2007). It ranks 3"* in the world in terms of fresh water withdrawl 
after primary metal and chemical industries in the world. It is estimated that about 273-
455m^ of wastewater is required per tonne of paper produced that consequently generates 
300 m of wastewater (Jayabalakrishnan, 2009). The pollutants associated with pulp and 
paper mill effluents are organic matter, inorganic dissolved solids, chlorinated 
compounds (measured as absorbable organic halides, AOX), fatty acids, tannins, resin 
acids, lignin, sulphur and sulphur compounds, thermal constituents in the form of heat, 
suspended solids and microorganisms (Muna et al., 2001; Ranganathan etal., 2007). 
The land application of wastewater is a preferred alternative for its disposal since, 
soil is believed to have capacity for receiving and decomposing waste and pollutants 
(Young et al., 1981), where organic materials are stabilized through the activity of 
microflora in the soil. Effluent irrigation has been practiced for centuries throughout the 
world (Shuval et al., 1986; Friedel et al., 2000). It provides farmers with a nutrient 
enriched water supply and society with a reliable and inexpensive system for wastewater 
treatment and disposal (Feigin et al., 1991). Untreated wastewater is used to irrigate 10 
per cent of the world's crops, according to the first ever global survey of wastewater 
irrigation (Scott et al, 2004). This is a largely hidden practice and is outlawed in many 
countries. However, many farmers, especially those in urban areas, use wastewater 
because it is firee and abundant, even during droughts, and, being foil of nitrates and 
phosphates, acts as an effective fertilizer (Scott et at., 2004). 
In view of the above, a comprehensive and systematic work has therefore been planned to 
achieve the following objectives: 
1. Quantitative determination of heavy metals from agricultural soil receiving pulp and 
paper mill effluents. 
2. Isolation and characterization of bacteria from rhizospheric soil. 
3. Screening of rhizobacterial isolates for Plant Growth Promoting (PGP) activities i.e. 
Indole Acetic Acid (lAA) production. Hydrogen Cyanide (HCN) production, ammonia 
production, siderophore production, seed germination , phosphate solubilization and 
antifungal activities. 
4. Prevalence of heavy metal resistance in rhizobacterial isolates. 
5. Determination of nitrogenase activity of the bacterial isolates by acetylene reduction 
assay. 
6. Isolation of plasmid DNA from plant growth promoting riiizobacteria. 

Natural environment is extremely diverse and the majority contains a wide 
range of microorganisms, which reflect the nature of the habitat and the ability of 
individual members to compete successfiilly and coexist within the given ecosystem 
(Rodney, 1985). Environmental pollution includes all types of pollutions like water, 
air, soil noise, heavy metals etc. The problem of pollution, which is global and high 
magnitude as a result of discharge of industrial wastewater has been the subject of 
concem in the industrialized countries and more specifically in India (Aleem et al., 
2003; Ansari & Malik, 2009; Jayabalakrishnan, 2009). 
Increasing human populations are placing greater strain on water resources, 
prompting the use of industrial effluent for irrigation. Practically major portion of 
effluents emanating from various pulp and paper mill industries in India is being 
discharged into various rivers, thus polluting them. The land application of 
wastewater is a preferred alternative for its disposal since; soil is believed to have 
capacity for receiving and decomposing waste and pollutants (Young et al., 1981) 
where organic materials are stabilized through the activity of microflora in the soil. 
Effluent irrigation has been practiced for centuries throughout the world (Shuval et 
al, 1986; Friedel et al, 2000). It provides farmers with a nutrient enriched water 
supply and society with a reliable and inexpensive system for wastewater treatment 
and disposal (Feigin et al, 1991). Untreated wastewater is used to irrigate 10 per cent 
of the world's crops, according to the first ever global survey of wastewater irrigation 
(Scott et al, 2004). This is a largely hidden practice and is outlawed in many 
countries. However, many farmers, especially those in urban areas, use wastewater 
because it is free and abundant, even during droughts, and, being fiill of nitrates and 
phosphates, acts as an effective fertilizer. In parts of Mexico, Jordan, and Timisia, 
wastewater is treated to remove pathogens and other harmful chemicals to make it 
safe for irrigation. But in India, China and Pakistan, treatment is rare, exposing crops 
to disease-causing pathogens and toxic industrial waste. Consumers would rather not 
eat food that has been grown with wastewater, but they are often unaware how it has 
been produced (Scott et al, 2004). Organic matter derived from the effluent can 
activate the microorganisms in the soil and lead to higher bacterial activity and 
degradation rates. This may have an influence on soil fertility due to an increase of 
soil organic matter degradation (Degens et al, 2000; Friedel et al., 2000; Oved et al., 
2001; Brinkmann et al., 2004). Although impact of use of industrial wastewaters on 
soil, soil microflora, plants and water bodies has been evaluated, database is not 
adequate to elucidate the influence of long-term use of industrial effluents to 
agriculture as well as environment as a whole (Chhonkar et al., 2000). 
The utilization of industrial effluent for irrigation is one of the beneficial 
solutions for the prevention of pollution. Some effluents contain considerable amount 
of nutrients, which may prove beneficial for the plant growth and it serves as an 
additional potential source of fertilizer for agricultural use (Chhonkar et al., 2000; 
Dhevagi et al., 2000, Al-Jamal et a/.,2002; Phukan and Bhattacharyya, 
2003).However, industrial wastewater could be used safely and effectively with 
proper precautions to increase the soil productivity. The utilization of industrial 
wastes for agricultural/jwr^jf^-se* could also provide a solution to the disposal problems 
(Chhonkar e/a/., 2000). 
Pulp and paper mill effluents 
Pulp and paper mill industry is one of the notorious polluter of the 
environment. This industry has been categorized under the red category of polluting 
industries. It has been categorized as one of the 17 most polluting industries in the 
country due to discharge of huge volumes of highly coloured and toxic wastewater in 
the environment (Martin, 1998; Rajesh et al., 2009). It ranks 3^^ in the world in terms 
of fresh water withdrawal after primary metal and chemical industries in the world. It 
is estimated that about 273-455m^ of water is required per tonne of Paper produced. 
Practically the entire quantity reappears as effluents (Jayabalakrishnan, 2009). 
Pulp and paper mills are voracious water users. The colouring materials 
present in the wastewater is organic in nature comprising of wood extractives, tannins, 
resins, synthetic dyes, lignin and its degradation products formed by the action of 
chlorine on lignin. (Rao et al., 1987; Muna et al., 2001; Phukan and Bhattacharyya, 
2003). 
The first paper mill in India was established in 1867 at Bali, West Bengal. 
After independence, there has been a tremendous growth of paper industry and as in 
1989; there were 305 paper and paper board mills in India, with the installed capacity 
of 3 million tones per annum (TPA) (Subrahmanyam, 1990). At present, there are 
about 400 paper mills in operation with an installed capacity of 3.04 x 10^ tonnes of 
paper per annum (Jayabalakrishnan, 2009). The pulp and paper industry is the sixth 
largest polluter (after oil, cement, leather, textile and steel industries) discharging a 
variety of gaseous, liquid and solid wastes into the environment. Potential pollutants 
from a pulp and paper mill fall into four principal categories (Table: 1). 
Table: 1 Potential pollutants from pulp and paper mills 
Type of pollutant Typical example and source 
Gases Malodorous g£ises,e.g.H2S and mercaptan 
from Kraft pulping and recovery processes 
Oxides of sulphur,e.g.S02 and SO3 from 
recovery furnaces and lime kilns 
Effluents Suspended solids including bark particles 
fiber pigments, dirt from debarking 
Dissolved colloidal organics, e.g. 
hemicellulose, sugars, sizing agents 
Chromatophores mainly lignin compounds 
Chlorinated compounds from bleach plants 
Dissolved inorganics, e.g. NaOH, Na2S04 
Thermal loads 
Particulates Fly ash from coal fired power boilers 
Char from bark burners 
Solid wastes Sludges from primary and secondary freatment 
and recovery section 
Solids such as grit, bark and other mill wastes 
(*Adapted from Muna et al, 2001). 
It is the pollution of water bodies and soil, however which is of major concern 
because large volumes of wastewater are generated for each mefric tonne of paper 
produced, depending upon the nature of the raw material, finished product and extent 
of water reuse. Since the pulp produced corresponds to only approximately 40-50% of 
the original weight of the wood, the effluents are heavily loaded with organic matter. 
These effluents cause considerable damage to the receiving water and soil, if 
discharged untreated since they have a high biochemical oxygen demand (BOD), 
chemical oxygen demand (COD), chlorinated compounds (measured as absorbable 
organic halides, AOX), suspended solids (mainly fibers). Fatty acids, tannins, resin 
acids, lignin, and its derivatives, sulphur and sulphur compounds, etc. while some of 
these pollutants are naturally occurring wood extractives (tannins, resin acids, 
stillbenes, and lignin). Others are xenobiotic compounds that are formed during the 
process of pulping and paper making (chlorinated lignins, resin acids and phenols, 
dioxins, furans). Thereby turning pulp and paper mill effluents into 'a Pandora's box 
of waste chemicals' (Peck and Daley, 1994). 
Some of the pollutants listed above, notably, polychlorinated dibenzodioxins 
and dibenzofiirans (dioxins and fiirans), are recalcitrant to degradation and tend to 
persist in nature. They are thus known as persistent organic pollutants (POPs) and 
have been classified as 'priority pollutants' by the United States Environmental 
Protection Agency (USEPA, 1998) and figure in the priority substances list (PSL-1) 
of the Canadian Envirormiental Protection Act (CEPA, 1992) as well as the 'dirty 
dozen' group of persistent organic pollutants (POPs) identified by the United Nations 
Environmental Program (UNEP, 1995). 
Several workers have reported an increase in the nutrient content of soil 
particularly N, P and K, due to paper mill effluent irrigation (Achari et al, 1999; 
Chhonkar et al, 2000; Dhevagi et al, 2000; Santosh, 2007). While Saha et al, 
(1995), Sharma et al, (2000) and Mehdi et al, (2008) have reported a decrease in soil 
available nitrogen. Similar is the case with soil pH and micronutrients. It seems that 
nutrient status of the soil is affected by the characteristics of the emanating effluent, 
soil characteristics and the prevailing climatic conditions. The characteristics of the 
emanating paper mill effluent depends upon the nature of raw material, type of 
manufacturing process adopted and the extent of reuse of water employed in the plant 
(Chong,1999; Saxena et al, 2000; Shahbaz et al, 2007). 
Wood Waste Logs Sawmill 
residue 
Whi te Liquor 
Containing the cooking 
chemicals sodium 
hydroxide and sodium 
sulphide, white liquor is the 
product of adding lime (calcium oxide) to green liquor 
Its natne is derived from this milky white 
appearance it has t>efore It undergoes filtration. 
B l a c k Liquor 
Weak black liquor is the t>y-product of cooking wood chips in white liquor. 
The sodium hydroxide and sodium sulphide in the white liquor fcireak down 
and dissolve the lignin in the wood, which frees the wood fitxes The result is 
organic sodium salts and organic sulphur compourKJs. 
Green Liquor 
Green liquor predominantly contains sodium carbonate and sodium 
sulpliide. It is the product of dissolving smelt (molten salt), which is 
formed from burning black liquor in the Recovery Boiler. 
Figure: 2. The Kraft process of pulp and paper mill. 
(*Source: Munaet al., 2001) 
Impact of pulp and paper mill effluents on soil bacteria 
The use of industrial effluents for irrigating agricultural land is a woridwide 
practice. It provides farmers with a nutrient enriched water supply and society with 
reliable and inexpensive system for wastewater treatment and disposal (Feigin et al., 
1991; Phukan and Bhattacharyya, 2003). In India, (a tropical country) drought 
conditions and depletion of ground water sources necessitate alternate irrigation 
sources. The scarce irrigation water sources can be augmented by the waste water 
from pulp and paper industry (Oblisami and Palanisami, 1991; Chhonkar et al., 2000; 
Mehdie/a/., 2008). 
Bacteria, irrespective of natural habitat, are exposed to constant fluctuations 
in their growth conditions. Consequently they have developed sophisticated 
responses, modulated by the re-modeling of protein complexes and by 
phosphorylation dependent signal transduction systems, to adapt to and to survive a 
variety of stress conditions. Ultimately these signaling systems affect transcriptional 
regulons either by activating an alternative sigma factor subunit of RNA polymerase, 
for example, sigmaE (a^) of Escherichia coli and sigmaB (cj^) and sigmaF (a*") in 
Bacillus subtilis or by activating DNA-binding two-component response regulators 
(Wright et al., 2007). Bacteria have developed diverse resistance strategies towards 
toxic minerals. Hasnain and Sabri (1996) reported that inoculation of wheat with 
Pseudomonas sp. stimulated plant growth by reduction of toxic ions uptake, increase 
in auxin contents and formation of stress -specific proteins in plants under stress 
caused by the toxic ion present in effluents. Kuske et al., (2002) reported that Soil 
bacteria degrade organic matter and promote soil moisture retention and fertility. 
Increases in soil microbial biomass and activities were presumably due to the 
larger application of organic matter. However, changes in soil microbial commimities 
in 
occurred, as denitrification capacities increased greatly and adenylate energy charge 
(AEC) ratios were reduced after long-term irrigation. These changes were supposed to 
be due to the addition of surfactants, especially alkylbenzene sulfonates (effect on 
denitrification capacity) and the addition of sodium and salts (effect on AEC) through 
wastewater irrigation. Heavy metals contained in the wastewater do not appear to be 
affecting soil processes yet, due to their low availability. Detrimental effects on soil 
microbial commimities can be expected, however, from further increases in pollutant 
concentrations due to prolonged application of untreated wastewater or an increase in 
mobility due to higher mineralization rates (Friedel et al., 2000). 
Wastewater irrigation provides water, nitrogen and phosphorus as well as 
organic matter to the soils (Siebe 1998; Devagi et al., 2000). All these factors will 
have beneficial effects on soil biota. Application of wastewater containing organic 
matter and nutrients has been found to increase total soil microbial biomass (Goyal et 
al., 1995) and bacteria, fungi and actinomycetes (Saber 1986; Kaiman and Oblisami 
1990; Santosh, 2007) in field experiments. Since irrigation provides more constant 
humidity throughout the year than rainfed agriculture, microbial activity in effluent 
irrigated fields may generally be enhanced (Friedel et al., 2000). 
A pulp and paper mill effluent is characterized by the presence of high salt 
concentration. Many species of Rhizobia adapt to salinity stress by intracellular 
accumulation of compatible solutes. Exogenous supply of glycine betaine and choline 
enhance the growth of various rhizobia like Rhizobium tropici, S. fredii, Rhizobium 
galegae, Mesorhizobium loti and M. haukkii under salt stress (Boncompagni, 1999). 
High salt tolerance aids in tolerance to high pH and temperature (Kulkami, 2000). 
Kadouri et al., (2003) suggested a role of PHB (Poly Hydroxy Butyrate) synthesis and 
accumulation in enduring various stresses, viz. UV irradiation, heat, osmotic pressure, 
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osmotic shock, desiccation etc. among Azospirillum sp. The establishment and 
performance of PSM is however affected severely under stressed conditions such as 
high salt, pH and temperature prevalent in degraded ecosystems (Gaind et al., 1991; 
Nautiyal et al, 2000; Rajankar et al, 2007). 
Chlorinated aromatic compounds are major environmental pollutants because 
they are often released in substantial quantities by pulp and paper mill industries £ire 
toxic, resistant to degradation and accumulate in sediment and biota (Rakesh, 2005). 
Chlorolignins does not appear to be toxic to soil bacteria, but the impact of their 
breakdown products is unknown. Bacteria in soil are able to "o-methylate" 
chlorolignins, creating chloroveratoles (Kookana, 1995). 
Several workers reported that many aerobic bacteria like Bacillus spp., E. coli, 
Pseudomonas, Anthrobacter, Spingomonas and Flavobacterium spp. can degrade 
resin acid (Mohn, 1995; Liss et al., 1997; Morgan and Wyndham, 1997). Wilson et 
al, (1996) isolated two species of Pseudomonas, IpA-1 and IpA-2, which were also 
capable of degrading resin acid. Duran et al, (1994) and Nagarathnamma et al, 
(1999) have investigated the degradation ability of aerobic microorganisms to degrade 
organochlorides. These microbes are considered particularly successfiil degraders of 
aromatic compounds because they often produce mixed fiinction oxidase enzymes, 
which initiate aromatic ring cleavage (Zitomer and Speece, 1993; Kanaly, 2000; 
Kniemeyer, 2003). 
The pulp and paper mill is a major industrial sector utilizing huge amounts of 
lignocellulosic materials and water during the manufacturing process, and releases 
chlorinated compounds like lignosulphonic acids, chlorinated resin acids, chlorinated 
phenols and chlorinated hydrocarbons in the effluent (Leuenberger, 1985; Rakesh et 
al, 2005). Tetrachlorodibenzqp- dioxin and dibenzofiiran are major contaminants of 
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coloured wastewater of pulp and paper mill effluent (Wittich, 1992). Mineralization 
of chlorinated dioxins or dibenzofiirans by single bacterial strains has not been 
reported so far. Strain Sphingomonas sp. RWl is able not only to degrade the 
unchlorinated structures but also to transform lower chlorinated congeners. The 
transformation of lower chlorinated congeners by strain RWl, however, leads to the 
accumulation of intermediates, which prevent further transformation of the substrates 
(Armengaud, 1998). Klebsiella pneumoniae, Pseudomonas fluorescens, P. mendocina 
and P. cichhori had the potency to degrade chlorinated benzoic acid, salicylic acid, 
phenoxyacetic acid and dibenzofiiran. These strains degraded chlorinated aromatic 
compounds by ortho and meta ring cleavage (Thakur, 2001; Rakesh et al., 2005). 
An important factor in soil fertility is N-fixation. Obbard and Jones (1993) 
foimd that symbiotic N-fixation occurred even when metal concentrations were high 
in agricultural soil receiving wastewater. Kaiman and Oblisami (1989) and Chandra et 
al., (2006) reported the presence of considerable numbers of bacteria, actinomycetes, 
fungi, yeasts, Azotobacter and Rhizobium in the combined pulp and paper mill 
effluent. The population increase might also have been due to an increase in the 
available nutrient status. Ross et al., (1980) reported a good relationship between 
microbial biomass and soil C and N contents. Kannan (1990), chhonkar et al, (2000) 
and Rani Faryal et al, (2007) also revealed that the soil population of Rhizobium spp., 
a symbiotic Ni-fixing bacterium, was not affected by the effluent irrigation. Bardgett 
et a/.,(1995) and Meli et al, (2002) reported that additions of industrial effluent and 
urban wastewater increased soil microbial C, partly due to the addition of readily 
available nutrients into soil, and partly due to the input of microorganisms into the 
soil from the effluents. 
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Metal Resistance in Bacteria 
During the evolution of life on earth microorganisms have evolved complex 
mechanisms to survive in a variety of environments foimd on earth from the very 
common soil, marine and aerial environments to the extreme environments like the 
mines, salt pans and deep hydrothermal vents. Metals can be found in almost all kinds 
of environments at trace levels and in more concentrated forms in ores and mines and, 
mountain runoffs. Surprisingly bacteria have been found in all these environments: 
common or extreme. 
Some heavy meteds are essential trace elements, most can be at high 
concentrations, toxic to all branches of life, including microbes, by forming complex 
compound within the cell. Because heavy metals are increasingly found in microbial 
habitats due to natural and industrial processes, microbes have evolved several 
mechanisms to tolerate the presence of heavy metals (either by efflux, complexation 
or reduction of metals ions) or to use them as terminal electron acceptors in anaerobic 
respiration. Thus tolerance mechanism for metals such as copper, zinc, arsenic, 
chromium, cadmium and nickel has been identified. Most mechanism studied 
involves the efflux of metals ions outside the cell, and genes for this general type of 
mechanism have been found both on chromosomes and plasmids. Because the intake 
and subsequent efflux of heavy metal ions by microbes usually includes a redox 
reaction involving the metal (that some bacteria can even use for energy and growth), 
bacteria that are resistant to and grow on metals also play an important role in the 
biogeochemical cycling of those metals ions. This is an important implication of 
microbial heavy metal tolerance because the oxidation state of a heavy metal relates 
to the solubility and toxicity of the metal itself. When looking at the microbial 
communities of metal-contaminated environments, it has been found that among the 
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bacteria present, there is more potential for unique forms of respiration. Also, since 
the oxidation state of a metal ion may determine its solubility, many scientists have 
been trying to use microbes that are able to oxidize or reduce heavy metals in order to 
remediate metal-contaminated site (Aime, 2003). 
In high concentrations, heavy metal ions react to form toxic compounds in 
cells (Nies, 1999). To have a toxic effect, however, heavy metal ions must first enter 
the cell. Because some heavy metals are necessary for enzymatic functions and 
bacterial growth, uptake mechanisms exist that allow for the entrance of metal ions 
into the cell. There are two general uptake systems - one is quick and unspecific, 
driven by a chemiosmotic gradient across the cell membrane and thus requiring no 
ATP and the other one is slower and more substrate specific, driven by energy from 
ATP hydrolysis. While the first mechanism is more energy efficient, it results in an 
influx of a wider variety of heavy metals and when these metals are present in high 
concentrations they are more likely to have toxic effects once inside the cell (Nies and 
Silver, 1995). 
Metal resistance in bacteria is frequently encoded by genes located on 
plasmids and transposons and is often transferable intergenerically, interspecially and 
also fi-om in-situ microflora to indigenous microflora (Mergeay and Gerits, 1985; 
Malik and Jaiswal, 2000; Rathnayake et al., 2009). 
The characters encoded by plasmids range fi-om genetic transfer, resistance to 
antibiotics, heavy metals, DNA damaging agents, bacteriocin production and their 
resistance, carbohydrate metabolism, hydrocarbon metabolism, toxins and heamolysin 
production, virulence and colonization factors, tumorigenicity and N2 fixation by 
plants (Schlegel, 1995). Despite being ubiquitous in distribution the incidence of 
piasmid bearing strain is more in polluted site than in unpolluted site (Hada and 
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sizemore, 1981; Malik and Jaiswal, 2000; Malik et ai, 2002). Some species are 
physiologically adapted in contaminated environment (Barkay et ai, 1985) where as, 
other species have acquired the resistance against toxic metals. 
The known mechanisms of bacterial heavy metal resistance are basically four only 
(Silver, 1992): these are as follows: 
i. Keeping the toxic ion out of the cell by altering a membrane transport 
system involved in initial cellular accumulations. 
ii. Intra cellular or extra cellular sequestration by specific mineral ion binding 
components (analogous to metallothionins) of eukaryotes and the 
phytochelatins of plants, but generally at the level of cell wall in bacteria. 
iii. Highly specific cation or anion efflux systems encoded by resistance genes 
(analogous to multi-drug resistance of animal tumor cells). This system 
involves the role of PGP proteins present in cell membranes. This is the 
most commonly found mechanism of plasmid controlled bacterial metal 
ion resistance. 
iv. Detoxification of the toxic cation or anion by enzyme converting it from a 
more toxic to less toxic form. 
The first mechanism i.e. binding to the cell surface, can be described by usual 
adsorption kinetics and are not basically different from what is observed with mineral 
particles such as clay (Nelson etal, 1981; Remacle et al., 1993; Tsezos and Volesiki, 
1982). Several studies lead to the conclusion that gram-negative bacteria accumulate 
less metal than gram positive ones (Beveridge and Koval, 1981; Remacle and Houba, 
1993). 
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The second mechamsm is the precipitation of insoluble metal complexes that 
proceeds through surface located enzymatic reactions such as sulphate reductase 
(Wood, 1974; Aiking et al, 1982). When cultivated in lead loaded nutrient solution, 
Micrococcus luteus and Azotobacter spp store 99% of lead in the cell envelops 
(Tomabene and Edwards, 1972). 
At higher" concentration, however, heavy-metal ions form unspecific 
complex compounds in the cell which leads to toxic effects. Some heavy metal 
cations eg., Hg^^, Cd^ ,^ Ag^^ form strong toxic complexes which makes them too 
dangerous to any physiological fimctions. Even highly reputable trace elements like 
Zn^^ Ni^^ and especially Cu^^ are toxic at higher concentrations (Nies, 1999). The 
metal resistance is often associated with resistance to single or multiple drugs (Foster, 
1983; Nina et al., 1997; Malik and Jaiswal 2000; Aleem et al., 2003) and pesticide 
(Don and Pemberton, 1981). 
Rhizosphere and rhizospheric microorganisms 
The term rhizosphere was first used by Hiltner in 1904 to describe the zone of 
soil under the influence of roots. The thin layer of soil (about 1 to 2nmi thick) 
surrounding crop roots and the volume of soil occupied by roots is known as the 
rhizosphere. The rhizosphere can extend more than 5mm from the root and more 
importantly, is the area of increased microbial activity. The shear extent of crop roots 
in soil dictates that a significant portion of soil is actually within the rhizosphere 
(about 5 to 40% of soil in the rooting zone depending upon crop root architecture). 
This zone is where the majority of soil microorganism (bacteria and fimgi) reside. 
They reside in the rhizosphere to utilize compoimds and materials released from crop 
roots providing microorganisms with energy. The majority of microorganisms present 
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in the rhizosphere are thought to have no direct consequence on plant growth and 
vigour. 
Rhizosphefe (1-2 mm) Mycorhizosphere 
MycOThizosphere 
bactena 
(a) 
Rhizosphere 
bacteria 
Mycorrhizal hypha 
<b) 
Figure: 3 Schematic illustration of rhizosphere (a) and mycorhizosphere (b). 
(*Addpted from Osorio Vega 2007). 
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Major class of root exudates that create unique environment for the microorganisms 
living in association with plants roots are depicted in table, 4. 
Table: 4 Compounds and enzymes identified in plant root exudates.  
Class of compounds 
Amino acids 
Organic acids 
Sugars 
Vitamins 
Purines / pyrimidines 
Enzymes 
Type of compounds 
alanine, a- ariiinoadipic acid, y- aminobutyric acid, 
arginine, asparagine, aspartic acid, cysteine, cystine, 
glutamic acid, glutamine, glycine, histidine, 
homoserine, isolucine, lucine, lysine, methionine, 
ornithine, phenylalanine, praline, serine, therionine, 
tryptophan, tyrosine, valine 
Acetic, aconitic, aldonic, butyric, citric,erythronic, 
formic,fumaric, glutaric, glycolic, lactic, malic, 
malonic, oxalic, piscidic, propionic, pyruvic, 
succinic, tartaric, tertronic, valeric acid 
Arbinose, deoxyribose, finictose, galactose, glucose, 
maltose, oligosaccharides, raffinose, rhamnose, 
ribose, sucrose, xylose 
p- aminobenzoic acid, biotin, choline, n-
methionylnicotinic acid, niacin, panthothenate, 
pyridoxine, riboflavin, thiamine 
adenine, guanine, uridine, cytidine 
Amylase, invertase, phosphatase, polygalactouranase. 
proteases 
Inorganic ions/ gaseous molecules HCO3", OH~, H^, CO2, H2 
Miscellaneous Auxins, flavonones, glycosides, saponin, scopolotin 
•Adapted from Dakota and Phillips (2002). 
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The microbial population in and around the roots includes bacteria, fungi, 
yeasts and protozoa. Some are free living others are symbiotic. Rhizosphere 
populations could be regarded as a stable community around a particular plant species 
in a specific soi^ or alternatively as an unstable succession of populations. The 
interaction between bacteria and root of plant may be beneficial, harmful or neutral 
for the plant and sometimes the effect of bacterium may vary as consequence of soil 
conditions (Alexander 1985; Lynch 1990; Osorio Vega 2007). 
Microorganisms predominantly in the rhizosphere are short, gram negative 
rods including Pseudomonas, Flavobacterium, and Alcaligens spp. Initial root 
colonizers are often associated with soil organic matter. For example rhizosphere is 
frequently colonized by Pseudomonads because they are associated with organic 
matter, are a nutritionally diverse group and are group with a rapid growth rate (Boton 
etal., 1992; Cakmakci etal., 2006). 
Plant growth promoting rhizobacteria 
A group of microorganisms which are beneficial to crops is bacteria that 
colonize roots or rhizosphere soil of crop plants. These bacteria are referred to as 
plant growth promoting rhizobacteria (PGPR). Joe Kloepper presently at Auburn 
University in the United States coined the term in the later part of the 1980s and has 
been a major player in understanding the mechanisms and application of PGPR in 
temperate annual crop production. The science of PGPR is thus relatively young in 
comparison to nitrogen fixing bacteria and momentarily applications to crop 
production are limited. 
Most PGPR are the members of fluorescent Pseudomonas (Glick, 1995; 
Cakmakci et al, 2006). A number of other bacteria are now considered to be PGPR, 
including strains from genera such as Alcaligenes, Acinetobacter Arthrobacter, 
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Azotobacter, Azospirillum, Bacillus, Burkholderia, Enterobacter, Erwinia, 
Flavobacterium, Pseudomonas, Rhizobium, and Serratia (Kloepper,1989; Okon and 
Gonzalez, 1994; Vessey, 2003). As the screening of various rhizospheric and plant 
associated bacteria as potential PGPR is going on in different parts of the world, the 
list of such microorganisms is increasing. Virtually any non-deleterious free-living 
bacteria which could promote the plant growth directly or indirectly may be 
designated as PGPR (Glick, 1995; Persello et al, 2003). Recently various other PGPR 
include Achromobacter, Clostridium, Frankia, Kluyvera, Phyllobacterium, Serratia, 
Streptomyces and Vibrio (Barea, 2005). 
The plant growth promoting rhizobacteria may promote plant growth either 
directly or indirectly. Direct mechanisms (i) include production of plant growth 
regulators (Indole acetic acid, gibberellins, cytokinins and ethylene) (Glick, 1995; 
Arora et al, 2001; Deshwal, 2003a). (ii) Symbiotic N2 fixation, (iii) Phosphate 
solubilization (Dobbelaere et al, 2003; Deshwal, 2003a; Lucy et al, 2004). 
Indirect mechanisms involve (i) Antagonism against phytopathogens (scher 
and baker, 1992; Deshwal, 2003b; Ahmad et al.,2006) (ii) Siderophore production 
(Glick, 1994; Arora et al., 2001; Deshwal, 2003a; Ahmad, 2006) (iii) Production of 
extra cellular cell wall degrading enzymes of phytopathogens (Fridlender et al., 1998) 
Chitinase (Renwick et al., 1991) (iv) Antibiotic production (TTiombshaw, 1996; 
Deshwal, 2003b) (v) Cyanide production (Flaishman et al, 1993; Deshwal, 2003b). 
Plant growth promoting activities 
(a) Direct activities 
Nitrogen focation: Biological processes contribute 65% of nitrogen used in 
agriculture (Pareek et al, 2002). Biological nitrogen fixation is estimated to 
contribute 180x10** metric tons/year globally (Postgate, 1998). This includes (a) 
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S3Tnbiotic nitrogen fixing bacteria from viz. Rhizobium the obligate, symbiotic in 
leguminous crops and Frankia in non leguminous trees and (b) Non symbiotic (free 
living, associative and endophytes) nitrogen fixing forms such as Cyanobacteria 
{Anabena, Nostoc) Azospirillum, Azotobacter, Herabaspirillum, Gluconobacter 
diazotrophicus and Azocarus etc. In nitrogen fixation N2 is reduced to ammonia. 
Ammonia is converted to organic form. The reduction process is catalyzed by enzyme 
nitrogenase (Paul and Clarck 1996). Some important non symbiotic fixing bacteria 
include Achromobacter, Acetobacter, Alcaligens, Arthobacter, Azospirillum, 
Azotobacter. 
Symbiotic Na-fixation is a well-known process exclusively driven by bacteria, 
the only organisms possessing the key enzyme nitrogenase, which specifically 
reduces atmospheric N2 to ammonia in the symbiotic root nodules (Postgate, 1998; 
Tilak et al., 2005). N2-fixation is the first step for input of N for plant productivity 
(Tilak et al., 2005). The bacteria responsible belong to the genera Rhizobium, 
Sinorhizobium, Bradyrhizobium, Mesorhizobium, and Azorhizobium, collectively 
termed rhizobia. 
lAA production: Pseudomonas fluorescens CHAO an effective bio control agent 
against soil-borne firngal plant pathogens was investigated for the production of lAA. 
Involvement of two enzymes in the production of lAA was reported. Tryptophan side 
chain oxidase (TSO) induced in stationary phase and tryptophan transaminase 
(Oberhansli et al, 1991, Persello et al, 2003). 
Plant growth promoting rhizobacterial (PGPR) strains A3 and S32 have been 
shown to promote the growth of Brassica juncea under chromium stress which has 
been related to the microbial production of LAA (Rajkumar et al., 2005). 
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The impact of auxin on root morphogenesis ranges from beneficial to negative 
effects. The optimal concentration range may be extremely narrow as demonstrated 
by the isolation of a PGPR Pseudomonas putida strain producing indolacetic acid 
(lAA) and of a deleterious lAA over producer mutant which produces four times the 
amount of lAA synthesized by the wdld-type strain (Pattern & Glick, 2002). An 
inoculum of 10^  colony-forming units (CFU ml'^) gave reproducible developmental 
and morphological changes on colonized plantlets whereas above 10"* CFU ml"' the 
bacterization caused irreversible damage to plants. An important consideration in 
predicting whether lAA-producing bacteria stimulate or inhibit root growth is 
therefore the concentration of LAA that would actually be disposable for plant (Patten 
and Glick, 2006; Persello et aL, 2003,). 
Phosphate solubilization activity: Phosphorus (P) is an important plant nutrient and 
is next only to nitrogen. Phosphorus is a constituent of nucleic acids, phytin and 
phospholipids. An adequate supply of P in early stages of plant growth is important 
for reproductive system, cell division, energy generation and photosynthesis. The role 
of high energy phosphate bonds (ATP, ADP and AMP) in respiratory and 
photosynthetic processes is well established. Two symptoms of P deficiency are 
reduced plant size and imusually green deep colour. Generally, plants take up P as the 
primary orthophosphate ion (H2PO"4). The secondary orthophosphate ion H2PO"4 is 
also believed to be absorbed by plant roots in small quantities (Gaur, 1990). A large 
portion of inorganic phosphate applied to soil as fertilizer are rapidly immobilized 
after application and become unavailable to plants (Yadav and Dadarwal, 1997; Tilak, 
2005). Thus, the release of insoluble and fixed forms of P is an important aspect of 
increasing soil P availability. Microbial solubilization of inorganic phosphate 
compounds is of great economic importance in plant P nutrition. Phosphorus 
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solubilizing microorganism (PSM) including bacteria and fungi play an important role 
in converting insoluble P compounds e.g. are rock phosphate, bone meal and basic 
slag into available forms and made it available to plants The species of Pseiidomonas, 
Micrococcus, Bacillus, Plavobacterium, Serratia, Azotobacler, Penicillium, 
Fusarium, Sclerotium, Aspergillus and others have been reported to be active in 
bioconversion (Alexender, 1985; Kang et al., 2002; Maliha et al, 2004). 
The most efficient PSM belong to genera Bacillus and Pseudomonas amongst 
bacteria and Aspergillus and Penicillium amongst fungi. In Cyanobacteria, viz. 
Anabaena sp., Calothrix brauni, Nostoc sp., Scytonema sp. and Tolypothrix ceylonica 
can also solubilze phosphate (Gupta, 1998; Tilak, 2005). The mechanisms of 
solubilization of inorganic phosphate compounds by microorganism are production of 
organic acids (Dadarwal, 1997), carbon dioxide and hydrogen sulphide (Gaur, 1990), 
and alkalinity (Illmer and Schimmer, 1995) and mineral acid (Dadarwal, 1997) 
(b) Indirect PGP activities 
Siderophore production: In aerobic soil, iron is found predominantly in the 
imavailable forms Fe , mainly constituent of any oxyhydroxide polymers with 
extremely low solubility 10^ M at neutral pH (Neilands et al, 1987). This imposes a 
severe limitation on its availability. To overcome this problem, few microorganisms 
and plants secrete low molecular weight, high affinity iron chelators (siderophores) in 
medium or soil, low in presence of soluble iron (Neilands 1987; Lopper and Henkels, 
1997). 
Among the microbes, PGPR synthesize siderophores in the rhizosphere in 
response to the iron limiting conditions, thereby creating an iron free environment for 
phytopathogens. A nimiber of plants have mechanisms for binding bacterial 
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siderophore complex, transporting it through the plant and then reductively reducing 
iron from the siderophore so it can be used by plant (Wang et al., 1993). 
There are two main classes of siderophores i.e. catechol and hydroxymates. As 
most ferric complexes are coloured, simple addition of ferric chloride or ferric 
perchlorate to spent medium may serve to detect the presence of hydroxymates or 
catechols. Hydroxymates are orange coloured compounds with maximum absorbance 
at 425-450 nm while catechols are wine coloured compounds with maximum 
absorbance at 495 nm (Neilands, 1981). 
Antibiotic production: One of the most effective mechanisms that PGPR employ to 
prevent proliferation of phytopathogens is the synthesis of antibiotics. Utilization of 
microbial antagonists against plant pathogens in the agricultural crops has proposed 
an alternate to chemical pesticides. Fluorescent Pseudomonas and Bacillus species 
play an active role in the suppression of pathogenic microorganisms. These bacterial 
antagonists enforce suppression of plant pathogens by the secretion of extracellular 
metabolites that are inhibitory at low concentration. These antibiotics may be 
antitumour, antiviral, antimicrobial, antihelmenthic, antioxidant, c>totoxic, 
antitumour, insect and mammalian antifeedant (van Loon, et at., 2004). Antibiotics 
include a chemically heterogenous group of small organic molecules of microbial 
origin that, at low concentrations, are deleterious to the growth or metabolic activities 
of other microorganisms. These antibiotics can contribute to microbial 
competitiveness and the suppression of plant root pathogens, and the bacteria that 
produce them are therefore, of considerable interests as a practical means of plant 
disease control (Vessey, 2003). 
There are numerous rqwrts of the prodtiction of antifungal metabolites by 
bacteria in vitro that may also exhibit the activity in vivo. These antimicrobials 
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include ammonia, butyrolactones, 2-4 diacetyl phloroglucinol, HCN, Kanosami, 
Oligomycin A, Oomycin A, Phenazine-1-carloxylic acid (PCA), pyoluterin (Pit), 
pyrrolnitrin (Pin), viscosinamide, xanthobaecin and Zwittermycin A as well as several 
uncharaclerized moieties (Keel and Defago, 1997; Whipps, 1997; Nielson et al, 1998; 
Kim et al, 1999; Thrane et al., 1999; Nakayama et al., 1999). In addition to direct 
antipathogenic action, they also serve as determinants in triggering induced systemic 
resistance (ISR) in plant system (van Loon, et al., 2004). 
Cyanide production: Cyanide is a potential inhibitor of enzymes involved in major 
plant metabolic processes including respiration, CO2 and nitrate assimilation and 
carbohydrate metabolism, and may also bind with protein plastocyanin to block 
photosynthetic electron transport. Cyanogenesis by bacteria is well documented 
however, little is known about the role of cyanide producing bacteria associated with 
plants (Castric, 1981; Grossman, 1996). About 50% of rhizobacteria present on potato 
(Solarium tuberosum L.) roots produced cyanide which was implicated in measurable 
inhibition of potato growth (Bakker and Shippers, 1987). 
Rhizobacteria were characterized for the ability to synthesize hydrogen 
cyanide and for effects on seedling root growth of various plants. Approximately 32% 
of bacteria from a collection of over 2000 isolates were cyanogenic, evolving HCN 
from trace concentration to >30 nmoles mg"' cellular protein. Cyanogenesis was 
predominantly associated with Pseudomonads and enhanced when glycine was 
provided in the culture medium. Bano and Musarrat (2003) showed that one Ps. 
fluorescens isolate was able to produce HCN. The data revealed lower HCN 
production under iron-limiting conditions vis-a'-vis higher HCN release with iron 
stimulation. One isolate oi Ps. fluorescens, isolated from the rhizosphere of rice, was 
able to produce hydrogencyanide (Nagrajkumar et al, 2004). 
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ACC (1-aminocycIopropane-l-carboxylate) deaminase: Ethylene is only gaseous 
hormone of plants. It is also known as 'wounding hormone' because its production in 
the plant can be induced by physical or chemical perturbation of plant tissues 
(Salisbury, 1994). Among its myriad of effects on plant growth and development, 
ethylene production can cause an inhibition of root growth. In some cases, the growth 
promotion effects of ACC deaminase producing PGPR appear to be best expressed in 
stressfiil situations such heavy metal-contaminated soils (Burd et al., 1998). ACC 
deaminase is the key enzyme that degrades ACC. Detection of ACC deaminase in 
PGPR is a beneficial trait, thus preventing the inhibitory levels of ethylene (Reed and 
Click, 2005). 
Mechanisms of PGPR Plant Growth Promotion 
The mechanisms by which PGPR increase crop performance is not well 
understood. There are several PGPR inoculants currently commercialized that seem to 
promote growth through at least one mechanism; suppression of plant disease (termed 
Bioprotectants), improved nutrient acquisition (termed Biofertilizers), or 
phytohormone production (termed biostimulants) (Vessey 2003). Inoculant 
development has been most successful to deliver biological control agents of plant 
disease that is organisms capable of killing other organisms pathogenic or disease 
causing to crops. Bacteria in the genera Bacillus, Streptomyces, Pseudomonas, 
Burkholderia and Agrobacterium are the biological control agents predominantly 
studied and increasingly marketed (Microbial suppIements-2004). They suppress 
plant disease through at least one mechanism; induction of systemic resistance, and 
production of siderophores or antibiotics. Exposure to the PGPR triggers a defense 
response by the crop as if attacked by pathogenic organisms. The crop is thus armed 
and prepared to mount a successful defense against eventual challenge by a 
pathogenic organism. Siderphores produced by some PGPR scavenge heavy metal 
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micronutrients in the rhizsophere (e.g. iron) starving pathogenic organisms of proper 
nutrition to mount an attack of the crop. Interestingly, plants seem capable to still 
acquire adequate micro-nutrient nutrition in the presence of these PGPR. Antibiotic 
producing PGPR release compounds that prevent the growth of pathogens. The 
compounds produced are not unlike antibiotics we take to rid of pathogens of human 
(Kloepper, 1993; Vessey, 2003). . 
Figure: 4. Spectrum of mechanisms of plant growth promotion by PGPR 
Increasingly More Direct Positive Effect on Plant Growth 
-^^ n 
Phytohormone 
- Plant stimulants 
Increased Nutrient Acquisition 
-Biofertilizers 
Control of Pathogens 
-Bioprotectants 
Enhance 
phytorcmediation 
efficiency 
N2 nxiiliun 
\ 'DIuckinp V 
Plant growth - promoting rfaimbacteria 
Bk>ckHijE ACC deaminase J^, 
/^ lflM>lllhlc 
s ^ niineral) ^ 
SlrcsscJ cnvirotMneni (heavy melal-conlamiiialctl soilsl 
Figure: 5 Functions of plant growth promoting rhizobacteria. 
(•Addpted from koo-2006). 
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Fertility 
Increased accumulation of 
nitrate and phosphate 
Figure 6: 1ST elicited by PGPR against drought, salt and fertility stresses 
underground (root) and aboveground (shoot). Broken arrows indicate bioactive 
compounds secreted by PGPR; solid arrows indicate plant compounds affected by 
bacterial components. Some PGPR strains, indicated in red on the plant roots, produce 
cytokinin and antioxidants such as catalase, which result in ABA accumulation and 
ROS degradation, respectively (Figueiredo et al., 2008; Kohler et al., 2008). 
Degradation of the ethylene precursor ACC by bacterial ACC deaminase releases 
plant stress and rescues normal plant growth under drought and salt stresses (Kohler 
et al., 2008; Mayak et al., 2004).The volatiles emitted by PGPR down regulate hktl 
expression in roots but upregulate it in shoot tissues, orchestrating lower Na+ levels 
and recirculation of Na+ in the whole plant under high salt conditions (Zhang et al,. 
2008). Production by PGPR of lAA or unknown determinants can increase root 
length, root surface area and the number of root tips, leading to enhanced uptake of 
nitrate and phosphorous (Gyaneshwar et al., 2002; Mantelin., 2004; Adesemoye et al., 
2008). Abbreviations: ABA, abscisic acid; ACC, 1-aminocyclopropane-l-
carboxylate; HKTl, high-affinity K+ transporter 1; lAA, indole acetic acid; 1ST, 
induced systemic tolerance; PGPR, plant-growth-promoting rhizobacteria; ROS, 
reactive oxygen species. 
(*Ad3pted from Jungwook-2009). 
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Plant-growth-promoting rhizobacteria (PGPR) colonize the rhizosphere of 
many plant species and confer beneficial effects, such as increased plant growth and 
reduced susceptibility to diseases caused by plant pathogenic fungi, bacteria, viruses 
and nematodes (Kloepper et al,. 2004).Some PGPR also elicit physical or chemical 
changes related to plant defense, a process referred to as 'induced systemic resistance' 
(ISR) (Van Loon et al,. 2004). ISR elicited by PGPR has suppressed plant diseases 
caused by a range of pathogens in both the greenhouse and field (Kloepper, et al. 
2004; van Loon, et al., 2004). However, fewer reports have been published on PGPR 
as elicitors of tolerance to abiotic stresses, such as drought, salt and nutrient 
deficiency or excess. The subject of PGPR-elicited tolerance to heavy metals has been 
reviewed recently (Zhuang et al, 2007; Glick, 2003). 
Organic contaminants stress 
Organic pollutants in the soil environment, if present above permissible limits, 
hinder plant growth via several mechanisms including abnormal growth of an infected 
plant species (Adam, et al., 1999). This abnormal growth of the plant root system 
might be partially due to accelerated ethylene production in plants grown in polluted 
soil environment. A few studies have revealed an accelerated production of ethylene 
in soil and plants treated with organic contaminants (De Prado et ah, 1999; Jackson, 
1997). Reed and Glick, (2005) studied the growth of canola {Brassica napiis) seeds 
treated with PGPR in copper-contaminated and creosote-contaminated soil. In 
creosote- contaminated soils, the native bacterium was the least ejective, and the 
transformed encapsulated ACC deaminase bacteriimi was the most active in growth 
promotion. Arshad et al, (2007) reviewed the significance of PGPR containing ACC 
deaminase activity in improving the growth of plants in the presence of organic 
contaminants. 
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MEDIA USED 
All the media and glassware were sterilized at pressure of 15 lb inch' and temperature 
of 1 l i e for 20 minutes in autoclave. 
Ashby's Mannitol Agar (pH 7.4 ± 0.2) 
Mannitol 20.0 gl" 
Dipotassium phosphate 0.20 gl" 
Magnesium sulphate 0.20 gl" 
Sodium chloride 0.20 gl" 
Potassium sulphate 0.10 gl" 
CS7 Medium (pH 5.9 + 0.2) mM 
Dihydrogen potassium phosphate 2.2 
Calcium chloride 0.7 
Potassium chloride 0.9 
Magnesium sulphate 0.14 
Glutamate 2.0 
Myoinositol 5.6 
Sodium Succinate 25.0 
L-Arabinose 25.0 
Dilico Noble Agar 1.5% 
Maganese sulphate 58.0 
Boric acid 8.2 
Zinc sulphate 3.5 
Potassium iodide 6.0 
Copper sulphate 0.8 
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Sodium molybdate 
Cobaltous chloride 
Sodium EDTA 
'Thiamine. HCl 
Nicotinic Acid 
Pyridoxine. HCl 
Jensen's Agar (pH 7.0 + 0.2) 
Sucrose 
Dipotassium Hydrogen phosphate 
Magnesium Sulphate 
Sodium Chloride 
Ferrous Sulphate 
Sodium Molybdate 
Calcium carbonate 
Agar 
King's Medium B Base (pH 7.2 ± 0.2) 
Proteose peptone No.3 
Dipotassium hydrogen phosphate 
Magnesium sulphate,7H20 
Glycerol 
Agar 
Luna Broth (pH 7.5 ± 0.2) 
Casein enzymic hydrolysate 
Yeast 5.0 gl"' 
Mannitol Salt Agar (pH 7.4 ± 0.2) 
Peptic digest of animal tissue 5.0 gi"' 
Pancreatic digest of casein 5.0 gl"' 
0.4 
0.4 
54.0 
15.0 
41.0 
2.4 
20.0 gl"' 
1.00 gl"' 
0.50 gl"' 
0.50 gr^ 
0.10 gr ' 
0.005 gl"' 
2.0 gl-' 
20.0 gr ' 
20.0 gr ' 
1.50 gl-' 
1.50 gr ' 
15ml r ' 
20.0 gr ' 
10.0 gl ' 
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Beef extract 1.0 gl"' 
D-Mannitol 10.0 g l ' 
Sodium chloride 75.0 gl"' 
Phenol red 0.025 gl"' 
Agar 15.0 gl"' 
Modi medium (pH 7.2 + 0.2) 
Dipotassium hydrogen phosphate 0.5 g l ' 
Magnesium sulphate 0.4 gl"' 
Sodium Chloride 0.1 gl"' 
Mannitol 10.0 gl"' 
Glutamine 1.0 gl"' 
Ammonium nitrate 1.0 gl"' 
MR-VP Broth (pH 6.9 + 0.2) 
Buffered Peptone 7.0 gl"' 
Dextrose 5.0 gl"' 
Dipotassium Phosphate 5.0 gl"' 
Nitrate Broth (pH 7.0 ± 0.2) 
Beef extract 
Peptic digest of animal tissue 
Potassium nitrate 
3.0 gl"' 
5.0 gl"' 
1.0 gl"' 
Nutrient Agar (pH 7.4 + 0.2) 
Peptic digest of animal tissue 10.0 gl"' 
Meat Extract 10.0 gl"' 
Sodium Chloride 5.0 gl"' 
Agar 20.0 gl"' 
Nutrient Broth w/l%peptone (pH 7.4 + 0.2) 
Peptic digest of animal tissue 10.0 gl"' 
Meat Extract 10.0 gl"' 
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Sodium Chloride 5.0 gl"' 
Nutrient gelatin (pH 7.2 + 0.2) 
Peptic digest of animal tissue 5.0 gl"' 
Meat extract 3.0 gl'^  
Gelatin 120.0 gl"' 
Sodium chloride . 30.0 gl"' 
Peptone water (pH 7.0 ± 0.2) 
Peptone 10.0 gl"' 
Sodium chloride 5.0 gl"' 
Distilled water 1.0 1"' 
Pseudomonas Agar (pH 7.0 + 0.2) 
Peptic digest of animal tissue 20.0 gl"' 
Potassium Sulphate 10.0 g l ' 
Magnesium Chloride 1.40 gl"' 
Agar 20.0 gl"' 
Pikovskaya's Agar (pH 7.2 + 0.2) 
Yeast extract 0.50 gl"' 
Dextrose 10.0 gl"' 
Calcium phosphate 5.0 gl"' 
Ammonium sulphate 0.50 gl"' 
Potassium chloride 0.20 gl"' 
Magnesium sulphate 0.10 gl"' 
Manganese sulphate 0.0001 gl"' 
Ferrous sulphate 0.0001 g l ' 
Agar 15.0 gl"' 
Starch Agar (pH 7.2 + 0.2) 
Peptic digest of animal tissue 5.0 gl"' 
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Meat extract 3.0 gl ' 
Starch, soluble 2.0 gr' 
Agar 15.0 gr' 
Starch Agar (pH 6.9 ± 0.2) 
Beef extract 3.0 g l ' 
Peptone 5.0 gr' 
Starch 2.0 gr' 
Agar 15.0 gr' 
Simmons Citrate Agar (pH 6.9 ± 0.2) 
Ammonium hydrogen phosphate 1.0 gr' 
Bromothymol blue 0.08 gl ' 
Dipotassium phosphate 1.0 gl ' 
Magnesium sulphate 0.2 gr' 
Sodium chloride 5.0 gl-' 
Sodium nitrate 2.0 gl-' 
Agar 15.0 gr' 
Yeast Extract Mannitol Agar w/Congo Red (pH 6.8 + 0.2) 
Yeast Extract Igl-^ 
Mannitol lOgl' 
Dipotassium phosphate 0.50 gr' 
Magnesium sulphate 0.20 gl ' 
Sodium chloride 0.10 gl ' 
Congo red 0.025 gr' 
Agar 20 gl-' 
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REAGENTS AND BUFFERS 
Agarose Gel (0.7%) 
Agarose 
Distilled water 
0.70g 
TAE buffer 25 ml 
Alkaline SDS 
SDS 1.0% 
Sodium hydroxide 0.2N 
Ammonium Acetate Solution 
O.IM 
15.0 g 
12N 
982 ml 
Ammonium acetate 
Ammonium Molybdate Solution 
Ammonium molybdate 
Hcl 
Distilled water 
Barrit's Reagent 
Solution A: 
Alpha-naphthol 
Ethanol (absolute) 
Solution B: 
Creatine 
Potassium hydroxide 
Distilled water 
Chlorostannous Acid 
Stannous chloride ^ t-
2.5g 
Hcl (Cone.) j O ^ 
5 g 
95 g 
0.3 g 
40 g 
100 ml 
90ml 
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Crystal Violet 
Solution A: 
Crystal violet (90% dye content) 
Ethyl alcohol (95%) 
Solution B: 
Ammonium oxalate 
Distilled water 
Copper reagent 
Sodium carbonate 
Sodium potassium tartrate 
Copper sulphate 
Decolourizer 
Ethanol (95%) 
Acetone 
Ethyl Alcohol (95%) 
Ethyl alcohol (100%) 
Distilled water 
Electrophoresis Buffer (TAE, lOx, pH 8.0,100ml) 
Acetic acid glacial 
EDTA 
Tris 
Distilled water 
Gram's Iodine 
Iodine crystal 
Potassium iodide 
Distilled water 
2 g 
20 ml 
0.8 g 
80 ml 
4% 
4% 
2% 
250ml 
250ml 
95 ml 
5 ml 
1.14 ml 
0.35 g 
4.85 g 
98.86 ml 
I g 
2g 
197 ml 
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Hathway Reagent 
Ferric chloride 
Hcl 
Potassium ferricyanide 
Distilled water 
Kovac's Reagent 
Amyl alcohol 
HCl 
P-dimethylaminobenzaldehyde 
Lysis Buffer 
EDTA 
Lysozyme 
Sucrose 
TrisCl (pH 8.0) 
Marker Dye 
Bromophenol Blue 
EDTA 
Glycerol 
Methyl Red Solution 
Methyl red 
Ethyl alcohol (95%) 
Nessler's Reagent 
Potassium 
Mercuric chloride solution 
Potassium hydroxide 
Distilled water 
O.IM 
O.IN 
O.IM 
100 ml 
75 ml 
25 ml 
.5g 
5% 
lOmgml"' 
8% 
5% 
0.05% 
40mM 
50% 
0.1 g 
300 ml 
50g 
35ml 
400ml 
530ml 
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Phenol Red Base (7.4 ± 0.2) 
Proteose peptone I Q j-i 
Beef extract I j-i 
Sodium chloride c 1-1 
Phenol red 0.018 gl ' 
Required sugar j 1-1 
Peptone water 
Peptone 
Sodium chloride 
Distilled water 
pH 
Safranin 
Safranin O (25% solution in 95% ethyl alcohol) , r. , 
Distilled water , nn i 
100 ml 
Salkovasky Reagent 
Ferric chloride n C\A 
0.5M 
Per chloric acid (35 %) SO 1 
Sodium Acetate Solution (pH 5.2) 
Sodium acetate 
TE Buffer 
EDTA 
10 g 
5g 
11 
7.0 
3.0M 
^"^^^ 242.5 mg 200 m l ' 
74.48 mg 200 ml 1 
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Chemicals Used 
The following chemical were used: 
Acetic Acid 
Agarose 
Agar Powdei 
Ammonium sulphate 
Ammonium Molybdate 
Barium chloride 
Boric acid 
Bovine serum albumin 
Bromophenol blue 
Cadmium Chloride 
Calcium Carbonate 
Chloroform (HPLC grade) 
Citrate 
Chromium Chloride 
Chloride 
Cupric Sulphate 
Qualigen's India 
Hi-media, India 
Hi-media, India 
Hi-media, India 
SD fine chem. Ltd. 
SD fine chem. Ltd. 
SD fine chem. Ltd. 
SD fine chem. Ltd. 
SD fine chem. Ltd. 
SD fine chem. Ltd. 
SD fine chem. Ltd. 
Qualigens, India 
Qualigens, India 
Loba, chemicals 
Qualigens, India 
S.D. fine chem. Ltd. 
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Copper Chloride S.D. fine chem. Ltd 
Cobaltous chloride 
Dipotassium hydrogen phosphate 
Dilico Noble Agar 
Diphenyl amine 
Ethyl acetate 
Ethylene Diaminetetra Acetic Acid (EDTA) 
Ethanol (HPLC grade) 
Ethedium bromide 
Ferric chloride 
Fructose 
Ferrous ammonium sulphate 
Folin's reagent 
Glucose 
Glutamate 
Glycerol 
Glycine 
Hydrogen chloride 
S.D. fine chem. Ltd 
Qualigens, India 
Qualigens, India 
Qualigens, India 
Qualigens, India 
Qualigens, India 
Qualigens, India 
Qualigens, India 
Qualigens, India 
S.D. fine chem. Ltd 
Hi-media, India 
Qualigens, India 
Hi-media, India 
Qualigens, India 
Qualigens, India 
Qualigens, India 
Qualigen India 
Qualigen India 
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Hrdrogen peroxide 
Indole 
L-Arabinose 
Lactose 
Lysozyme 
Lead acetate 
Magnesium sulphate 
Manganese Sulphate 
Mannitol 
Mercuric chloride 
Myoinositol 
Nickel Chloride 
Nutrient Agar 
Nutrient Broth 
Nicotinic acid 
Nickel chloride 
Nitric acid 
Nickel chloride 
O-phosphoric acid 
Hi-media, India 
Hi-media, India 
Qualigen India 
Qualigen India 
Hi-media, India 
Qualigen India 
Qualigens India 
Qualigens India 
Qualigen India 
Qualigen India 
Qualigen India 
Qualigen India 
Hi-media India 
Hi media India 
Hi media India 
Qualigen India 
Qualigens, India 
Qualigens, India 
Qualigens, India 
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Phenol (Saturated) 
Phosphoric acid 
Picric acid 
Potassium ferricyanide 
Potassium Chromate 
Potassium Chloride 
Potassium iodide 
Potassium sulphate 
Perchloric Acid 
Pyridoxine HCl 
Salkowasky reagent 
Sodium Acetate 
Sodium Chloride 
Silver nitrate 
Sodium carbonate 
Sodium EDTA 
Sodium Succinate 
Sodium molybdate 
Sodium hydroxide 
SRL, India 
SRL, India 
SRL, India 
SRL, India 
Qualigens India 
Qualigens India 
Qualigens India 
Qualigens India 
Qualigens India 
Qualigens India 
Qualigens, India 
Qualigens India 
Qualigens, India 
Qualigens, India 
Qualigens, India 
Qualigens, India 
Qualigens, India 
Qualigens, India 
Qualigens India 
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Stannous chloride Qualigens India 
Sucrose S.D. fine chem. Ltd. 
Sulphuric acid Qualigens, India 
Tris Hcl SRL, India 
Tricalcium phosphate Hi-media India 
Thiamine.HCl Qualigens, India 
Zinc Chloride S.D. fine chem. Ltd. 
Zinc sulphate Hi-media India 
Note: The chemicals which have not been included in the text were of 
analytical grade. 
Sample Collection 
Composite soil samples were collected at 15 cm depth from various 
agricultural fields in the vicinity of Star Paper mills, Saharanpur, U.P. (India). Sample 
were collected four times in a year. Samples were collected in sterilized bags with the 
help of sterilized spatulas as described by Singh et al. (2003). 
Determination of Soil Texture 
A small quantity of dry soil was moistened and mixed thoroughly on glass or 
porcelain dish. Soil texture was determined as described by Gupta (2004). 
Determination of Soil pH 
10 gm of air-dried and sieved soil (<2 mm) sample as taken is a plastic 
beaker. 25 ml of distilled water was added and the mixture stirred for 1 
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minute. The pH of the supernatant was measured as described by K. Alef and 
Nannipieri (1985). 
Isola t ion and charac te r iza t ion of rh i zospher i c m i c r o o r g a n i s m s 
Soil samples were serially diluted in sterile normal saline solution and 
0.1 ml of it was plated on Ashby's-medium. Yeast Extract Mannitol Agar 
supplemented with Congo red and king's Medium B Base medium. Plates 
were incubated at 28 ± 2°C for 24-48 h. After incubation on Ashby's medium, 
colonies showing brownish pigmentation were considered Azotobacter, 
Whitish, glistening colonies were selected as Rhizobium and button shaped 
colonies showing diffusible fluorescent green pigment were considered as 
Pseudomonas. The selected isolates were further characterized. 
Biochemical reactions 
Gram's staining 
The gram's staining of the bacterial isolates was done according to the 
standard procedure of Cappucino and Sherman (1987). 
Indole Test 
Bacterial isolates were inoculated in nutrient broth. These were then incubated 
at 30°C for 24-48 h. The presence of indole was detected by Kovac's reagent, which 
produces a cherry red reagent layer. Cultures producing a red reagent layer following 
addition of Kovac's reagent indicated a positive test. 
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Methyl Red Test 
The selected bacterial isolates were inoculated in MR-VP broth and allowed 
for incubation at 30°C for 24-48 h. By the addition of methyl red indicator, immediate 
appearance of red color indicated a positive test, while appearance of yellow color 
indicated a negative test. 
Voges-Proskauer Test 
The selected bacterial isolates were inoculated into MR-VP broth and 
incubated at 30°C for 24-48 h. Barrit's reagent was added and observed for the 
change in color to red. Appearance of red coloration was used as an index for positive 
test. 
Citrate Utilization Test 
This test is performed to check bacterial capability to utilize citrate as a sole 
source of carbon. All the bacterial isolates were streaked on the Simmons citrate agar 
slant and allowed for incubation at 30°C for 24-48 h. Positive result can be identified 
by the growth of cultures on the surface of slants and appearance of blue color in the 
medium. Absence of growth and persistence of the green color of the medium 
indicated negative results. 
Nitrate Reduction Test 
Nitrate broth was inoculated with the bacterial isolates and incubated at 30°C for 
24-48 h. Appearance of a cherry red color upon addition of sulphanillic acid (solution 
A) and a-naphthylamine (solution B) to the broth indicate the reduction of nitrate to 
nitrite. No change in color indicates negative test. This suggests two possibilities: 
1. Nitrate was not reduced to nitrite. 
2. Nitrate was rapidly reduced beyond nitrite to ammonia or even to molecular 
nitrogen. 
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Starch Hydrolysis 
The selected bacterial isolates were spot inoculated on starch agar plates. 
Plates were incubated for 24-48 h at 30°C. Blue-black coloration upon addition of 
Gram's iodine was reported as a negative test while formation of a clear zone 
surrounding the test organism, was reported as a positive test. 
Gelatin Hydrolysis 
Gelatin tubes were inoculated with the test organisms and incubated at 30°C 
for 24-48 h. Following inoculation the cultures were placed in a refrigerator at 4°C for 
30 min. Tubes, where gelatin remains liquefied, indicate gelatin hydrolysis by 
gelatinase enzyme of the test organisms. Tubes, in which, gelatin solidify on 
refrigeration, lack gelatinase and indicate a negative test. 
Catalase Test 
Nutrient agar slants were streaked with the bacterial cultures and incubated at 
30°C for 24-48 h. Catalase production was determined by adding the substrate H2O2 
(3%). If catalase is present, bubbles of free oxygen gas are observed. The absence of 
bubble formation was reported as a negative catalase test. 
Oxidase Test 
The ability of bacteria to produce cytochrome oxidase was determined by the 
addition of the test reagent, tetramethyl phenylenediamine dihydrochloride to the 
colonies grown on the mediimi. The development of pink, then maroon and finally 
black coloration on the surface of colonies was indicative of cytochrome oxidase 
production and was reported as a positive test. No change in coloration or light pink 
coloration on the colonies proved the absence of oxidase activity and was considered 
as a negative test. 
47 
Carbohydrate Utilization Test 
Utilization of carbohydrates as sole source of carbon was determined in 
Phenol Red Base broth (sugar fermentation broth) having the tested carbohydrates as 
the single carbon source. The following carbohydrates: Glucose, Fructose, Sucrose, 
Lactose, and Maimitol (all from Hi media, India) were incorporated at the 
concentration of 5 gl"' was inoculated with test isolates and incubated at 28 ± 2 
^C for 24-48 h. Production of acid or acid with gas was observed. 
Enumeration of Microorganisms 
Soil: The enumeration of microorganisms was done by the method described 
by Reddy et al. (1986) and Malik and Ahmad (200Z)- 10 g of soil sample was 
suspended in 90 ml of sterile normal saline solution (NSS) and shaken 
vigorously for 10 minutes. 0.1 ml aliquot of appropriate dilutions was plated 
on different media by spread plate method. Nutrient Agar, Yeast Extract 
Mannitol Agar w/Congo Red , King's Medium B Base and Jensen's media. 
Ken knight's medium, Rose Bengal agar were used to enumerate Total 
bacteria, Rhizobium, Pseudomonas, Azotobacter, Actinomycetes, and Fungi 
respectively and plates were incubated at 28-30°C for 2-5 days. 
Waits- WAitt 
Woite-Water: For enumerations of microorganism inKvater 10 ml ofAvater sample 
was suspended in 90 ml of sterile NSS and shaken vigorously for minutes as 
aliquot of appropriate dilution were plated on Nutrient agar. Rose Bengal 
agar. Ken knight's media, to enumerate Total bacteria. Fungi, Actinomycetes 
respectively. Plates were incubated at 28"C for 24-72 hrs. 
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Heavy Metal Analysis 
\\joAtt.Water: For the determination of heavy metals, the samples of pulp and paper 
mill (water were digested in Perchloric acid and analyzed by Atomic 
Absorption Spectrophotometer (GBC 932, Avanta Sigma Plus, Australia). 
Soil: The soil samples was oven dried (40°C) and finely ground (<0.1 mm). 1 
g of soil was then burnt into ashes in a crucible. The ashes that left by burning 
of 1 g of soil was taken and moistened with a little double distilled water. To 
this HNO3 (cone.) and concentrated HCl successively added in a ratio 3:1. 
The soil sample in beaker was then heated gently on a heating plate, until the 
sample was digested, indicated by the formation of a clear solutions above the 
soil residue. The mixture was reduced to a volume of 1 ml and filtered 
through Whatman filter No. 42. Double distilled water was added to make the 
volume up to 100 ml. Digested soil sample were analyzed for metal 
concentration by Atomic Absorption Spectrophotometer (GBC 932, Avanta 
Sigma Plus, Australia). 
Determinations of Minimum Inhibitory Concentration (MIC) of Heavy 
Metal 
MIC of the metal for each bacteria isolates was determined by plate 
dilution method as adopted by summers and silver (1972) and Malik and 
Jaiswal (2000). The metals Cr^^, Cr^^, Z\^\ Cu^*, Cd^^, Ni^ Co^^ Pb^^, Hg"^  
were used as KaCroy or K2Cro4, CrCb.HiO, ZnCb, CUS04.H2O, CdCh, NiCh, 
C0CI2, Pb.5H20,HgCl2 in varying concentration from 3.12 ^g m l ' to 3200 
^g ml*. Stock solutions of the metal salts were prepared in double distilled 
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water and were added to the respective media in varying concentrations. 
Rhizobium, Pseudomonas and Azotohacter cultures grown in Yeast Extract 
Mannitol broth. Nutrient broth and Jensen's broth respectively were then spot 
inoculated with approximately 3 x 10^ organisms on metal supplemented 
plates with the help of micropipette. The plates were incubated at 28 + 2°C 
for 24-96 hrs. The lowest concentration of the metal which inhibits the growth 
of microorganisms was considered as MIC of the metal against the strain 
tested. E.coli. B and E.coli K-12 were used as control. 
It is well known that there are no currently acceptable concentrations 
of metal ions which can be used to distinguish metal resistant and metal 
sensitive bacteria. However, concentrations used in this study have been 
employed in similar studies reported on eubacteria (Trevors et al., 1985; 
Chaudri et al., 1992; Malik and Jaiswal, 2000). 
Determination of soil organic carbon and organic matter 
Organic carbon and organic matter were determined by the method as 
described by Gupta (2004). 10ml of IN potassium dichromate solution was 
added to 1 .Og of oven dried soil. Then 20ml of concentrated sulfuric acid was 
added and the mixture was left to digest for 30 min. The solution was then 
diluted to 200ml with distilled water and 10ml of phosphoric acid was added 
followed by few drops of diphenylamine indicator. Finally, the solution was 
cooled and titrated with 0.4N ferrous ammonium sulfate until the color 
changes to brilliant green. The final value is expressed in terms of percentage. 
Determination of soil moisture content: Soil samples were weighed in pre-
weighed aluminum foils and placed in an oven at 80°C for 24 h. The samples 
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were cooled and weighed again. The difference in weight between the moist 
soil and oven dry soil is the moisture content and expressed in terms of 
percentage 
Determination of total solids in pulp and paper mill wastewater: 500 ml of 
waster sample was filtered through Whatman no.4 filter paper in a pre-
weighed evaporating dish. Now the sample was evaporated on hot water bath 
until whole water sample is evaporated. The weight of evaporating dish is 
noted after cooling and total dissolved solids were calculated, Gupta (2004). 
Determination of inorganic phosphorous 
Waste water: 50 ml of filtered and clear water sample was taken in 
Erlenmeyer flask. 2 ml of ammonium molybdate was added which reacts with 
phosphate in the sample to form molybdophosphoric acid which get reduced 
to a complex of blue colour in the presence of SnCla. The absorbance of light 
by this blue colour was recorded at 690 nm and compared with the standard 
curve. Total phosphorous was estimated by converting all forms of 
phosphorous to inorganic form (phosphate) after digestion or oxidation of the 
sample. The difference between total phosphorous and inorganic phosphorous 
yields organic phosphorous. 
Soil: 20 gram of air dried soil samples were taken in a beaker. This soil was 
mixed with 100 ml of distilled water and shaken continuously for 1 hour. The 
sample was then filter to a clear solution. 50 ml of this clear solution was 
tested as described above. 
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Sulfate determination 
Soil: 10 gram of soil was air dried and mixed with 50 ml distilled water and 
vigorously shaken for 1 hour and filtered. 20 ml of this filtered solution was 
tested as described above. 
Pulp and paper mill effluent: Sulfate ions in water sample were determined by 
precipitating it with BaCh in HCl medium. Standard curve was prepared by 
reacting BaS04 with BaCb and determining its absorbance at 420 nm. 10 ml 
of conditioning reagent was added to 20 ml of water sample in 100 ml conical 
flask and then a spatula full of BaCb was mixed and stirred for 1 minute. It 
was then read at 420 nm. 
Determination of chloride 
Pulp and paper mill wastewater: The samples were filtered to a clear solution 
before testing. 25 ml of water or soil solution was taken in a beaker and 1 ml of 5% 
potassium chromate was added to it as indicator. The sample was then titrated against 
AgNOs (0.02N). AgNOa reacts with chloride in sample to form very slightly soluble 
white precipitate of AgCl. At the end point of titration when all chloride gets 
precipitated, free silver ions react with chromate to form silver chromate of reddish 
brown color. The amount of AgNOa consumed in the titration was used tom calculate 
the chloride ions in the sample. 
Detection of plant growth-promoting activities 
Plant growth promoting activities of rhizobacteria (Rhizobium, 
Pseudomonas, and Azotobacter) were tested In vitro and some of these 
activities were also quantitatively assayed. The PGP activities include lAA 
production, phosphate solubilization, siderophore production, hydrogen 
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cyanide, seed germination ammonia production and antifungal activity, which 
were determined by following standard methods. 
Indole acetic acid (I A A) production: lAA production was detected by the 
method as described by Brie, et al (1991). A loop full culture was inoculated 
in 25 ml Luria Bertani broth containing 0, 50,100,200 and 500 fig m l ' of 
tryptophan. The flasks were incubated for 72-96 h at 28 ± 2 C on rotatory 
shaker (100 rpm). The Cultures were agitated at 10,000 rpm for 15 min and 2-
3 drops of 0-phosphoric acid and 2 ml of salkowsky reagent was added to the 
supernatant and incubated at room temperature for 25 minutes. Using pure 
lAA as standard, absorbance of pink colour was read at 530 nm and lAA was 
quantitated. Each individual experiment was repeated three times. 
Ammonia (NH3) production: Bacterial isolates were tested for the 
production of ammonia in peptone water (Dye 1962). Freshly grown 
cultures 10' CFU ml"' were inoculated in 10 ml of autoclaved peptone water in 
each tube and incubated for 48-72 h at 28 + 2°C .1 ml of Nessler's reagent 
was added in each tube. Development of brown yellow colour was a positive 
test for ammonia production (cappuccino and Sherman, 1992). 
Hydrogen cyanide production: The test bacteria were screened for the 
production of hydrogen cyanide by the method of Bakker and Schipper 
(1987). Briefly, king's B Medium was amended with 4.4 g glycine 1"' and 
bacteria were streaked on modified agar plate. A Whatman No.l filter paper 
disc (9cm in diameter) soaked in 0.5% picric acid in 2% sodium carbonate 
solution was placed in the top of the plate. Plates were sealed with parafilm 
and incubated at 28 ± 2 C for 4 days. Keep an uninoculated control for 
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comparison of results. Development of orange to red colour indicated HCN 
production. 
Assay for the detection of antifungal activity: The agar well diffusion 
method as described by Mehmood et al (1999) w a^s adopted. The bacterial 
isolates tested for their antifungal activity V/QXQ fully grown in nutrient broth. 
The test filamentous fungus used were Fusarium oxysporium, Aspergillus spp 
and Altenaria spp. procured from division of Plant Pathology, lARI, Pusa 
New Delhi. The test fungus was fully grown on Sabouraud dextrose agar 
(SDA) slants. The spores were scraped and suspended in 10 ml of sterile 
normal saline solution. 0.1ml of diluted spore suspension (wlO CFU ml' ) of 
the fungi was spread on Sabouraud dextrose agar (SDA) plates. Wells of 8 
mm diameter were punched into the agar medium and filled with 200^1 (2x10^ 
CFU ml"') of bacterial culture. Uninoculated control was kept for comparison 
of results. The plates were incubated for 5-6 days at 28 ± 2°C. The antifungal 
activity was evaluated by measuring the growth inhibition zone against test 
fungi. 
Phosphate solubilization 
Determination of phosphate solubilization efficiency: The test bacterial 
isolates were screened for their phosphate solubilization activity on 
Pikovskaya's (PVK) medium (Pikovskaya,1948).Freshly grown bacterial 
cultures was spot inoculated on Pikovskaya's medium containing tricalcium 
phosphate (0.5%) and incubated at 28 ± 2°C for 7 days. The development of 
clear zone around the bacterial growth on culture plates was considered 
positive for phosphate solubilization. 
54 
Quantiflcation of phosphate solubilization: The phosphate solubilization 
was quantified by measuring the soluble phosphate released in the culture 
medium, using the method of King (1932) as described by Gaur( 1990). 100ml 
of sterile Pikovskaya's broth amended with 0.5% tricalcium phosphate was 
separately inoculated with fully grown culture (lO'cells ml"') of the selected 
isolates. The uninoculataed medium was served as a control. At different time 
intervals during growth, 10 ml of culture was removed from each flask and 
centrifuged at 10,000 rpm for 30 minutes and pH of the supernatant was also 
checked. Ten ml of supernatant are transferred to tubes. To each sample, 10 
ml of ammonium molybdate and 0.25 ml of chlorostannous acid was added 
and volume was adjusted to 50 ml with distilled water. The developed blue 
colour was read at 600nm. Amount of phosphate solubilized w^s^ealtllsipB^^ss^s. 
using the calibration curve of KH2PO4 , ^ \ 
.' k- ( / /^ 
Siderophore production ; ^ 
^ ^ '••''•'"iT-Thi' ^' Detection of siderophore: Siderophore production was detect8tt-4)y tke^' 
universal assay of Shwyn and Nielands (1987).The test isolates were grown in 
their respective broth for 4-5 days .To 1 ml of broth add 0.5 M ferric chloride 
(FeCla). Change in colour from reddish brown to orange was considered 
positive for siderophore production. 
Quantiflcation of siderophore: Selected bacterial isolates from each 
bacterial group were further assayed for the quantification of catechole-type 
siderophores using the method described by Alexander and Zuberer 
(1991).The single colony of each of the selected isolate were inoculated in the 
5ml of nutrient broth to raise the inoculum. One ml (10^ CFU ml'^) of each 
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culture was inoculated in 30 ml of Modi medium broth and incubated at 28 ± 
2°C for three days. The fully grown cultures were centrifuged at 10,000 rpm 
for 20 minutes. The supernatant was adjusted at pH 2.0 with diluted HCl. 
Equal quantity of ethyl acetate was added twice in a separating funnel and 
separated, the resultant 60 ml ethyl acetate fraction was taken .Five ml ethyl 
acetate fraction was mixed with 5 ml of Hathways's reagent. The absorbance 
was read at 700nm for benzoate and 560 nm for salicylates. The 
concentrations of benzoates and salicylates were calculated with the help of 
standard 2-3 Dihydroxy benzoic acid (1-30 ng m l ' ) and Salicylic acid (1-35 
|xg ml'') respectively. 
Seed germination assay: In vitro seed germination test was performed on the 
seeds of Vigna radiata var.PDM-139 using the method as described by 
Shende and Apte(1977) and Elliot and Lynch (1984) with few modifications. 
The seeds of vigna were surface sterilized by 0 .1% HgCl2 solution for 3 min. 
followed by successive washing with sterile distilled water. The seeds were 
kept in 70% ethanol for 1 minute. Seeds were again washed several times with 
sterile distilled water. Surface sterilized seeds were inoculated with bacterial 
culture having lO' cells ml' ' .The seeds were kept for 30 minutes in the culture 
medium and decant the medium. These seeds were placed on Petri plates 
containing soft agar. Each plate contained 5-7- seeds and each bacterial 
inoculation was replicated three times. These plates were incubated at 28 ± 
2°C for three days or more. A control plate of soft agar without bacterially 
treated seeds was also run. Seedling grov^h (root and shoot length) was 
determined after three days of incubation. 
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Nitrogenase activity (Acetylene Reduction Assay) in bacterial cultures 
The Nitrogenase activity was determined in the bacterial samples of 
{Rhizobium, Pseudomonas and Azotobacter) as described by Hardy et al 
(1968, 1973). The slants of appropriate medium {Azotobacter-icnscn's N2free 
medium; Jensen 1954; Norris and Chapman, 1986, Explanta Nitrogenase 
activity of Rhizobium-CS7 medium; pagan et al., 1975 and Pseudomonas -
king's Medium B Base) were prepared. Loopfull of culture were streaked on 
the slants and incubate at 28 + 2°C for 2-7 days. The cotton plugs are replaced 
with air tight subaseal. After this 10% of the atmospheric air is removed from 
the tube and equal volume of acetylene gas using syringe was injected. Tubes 
are then incubated at 28 ± 2°C for 24 h.l ml of gas sample was removed with 
a syringe and ethylene (C2H4) content was measured on a gas chromatograph 
(GC 5765, NUCON, New Delhi) equipped with 1.8 m Porapak - R (80-100 
mesh) column, a flame ionization detector and an integrator. Nitrogen was 
used as carrier gas whose flow rate was maintained at 30ml min"'.Hydrogen 
and Oxygen were used for burning of flame. The oven temperature was 
100°C, Injector temperature 100°C and that of detector was 120°C. Ethylene 
identification was based on the retention time and was quantified by 
comparing with the standard curve drawn with pure ethylene gas. The 
Nitrogenase activity was expressed as nM (nanomoles of C2H4 produced hr "' 
mg"' protein). 
Protein Estimation 
The protein content of all bacterial isolates (Azotobacter, Rhizobium 
and Pseudomonas) was estimated by the method given by lowery et al 
57 
(1951).Bacterial cells were collected in 2ml 2N NaOH (Sodium Hydroxide) 
solution. Cell suspension was kept in boiling water bath for 10 minute. Cool 
it, neutralize it with 2ml 2N HCl. Stock Bovine Serum Albumin (BSA) 
solution and dilutions were freshly prepared for the standard curve. The cell 
suspensions were taken in a test tube and dilute it with double distilled water 
if necessary. Take triplicates of all samples. Add 5ml copper reagent 
(Sodium Carbonate 4% w/v, Sodium Potassium Tartrate 4%w/v,& Copper 
Sulphate 2% w/v , mix all in the ratio of 100:1:1) to each sample. The test 
tubes were mixed well and allowed to stand for 10 minutes at room 
temperature. 0.5 ml Folin's reagent mixed in the tubes and incubated at room 
temperature for 30 minutes. At the development of blue colour O. D. was read at 660 
nm. The protein concentration was calculated with help of 500 |xg ml"' BSA (Bovine 
Serum Albumin) solution. The amount of protein was expressed in mg gm"'. 
Isolation of Plasmid 
All the rhizospheric bacterial isolates were screened for their plasmid 
DNA. The plasmids were isolated according to the modified method described 
by Kado and Liu (1981). 
Agarose Gel Electrophoresis 
The isolated plasmids were characterized by agarose gel 
electrophoresis according to the standard procedure (Maniatis et al, 1989). 
About 10-15 ^1 fractions along with glycerol-dye mixture (50% glycerol, 
0.25% bromophenol blue and 40 mM EDTA) were applied on the slot. 
Horizontal slab gel electrophoresis was carried out using 0.7% agarose. The 
gel pre-electrophoresed at 40 mA for 20 mins and the normal run was per 
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formed at 40 mA in electrophoresis buffer( 0.004M Tris acetate, 0.002M EDTA, 
pH 8.0) for 2 '/2 hr. The plasmid DNA bands were stained with ethidium 
bromide and fluorescent profile was photographed by gel documentation 
system (Vilber Lourmat, France). 
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The physico-chemical and microbiological chiiracteri sties of pulp and paper 
mill effluents and agricultural soil receiving paper mill waste water are presented in 
table 1. Test samples show pH in the range of 7.8 ± 0.5, while the pH of soil was in 
the range of 8.4 ± 0.7. The total solids (TS) of effluent are 1980 mg 1''. The maximum 
concentration of phosphorous, potassium, sulphate, sodium, chloride, calcium and 
magnesium is found to be 3.92, 139.1, 192, 94.4, 147.0, 275.2 and 43 mgl"' 
respectively. The value of TS exceeded the ISI tolerance limit, which might affect the 
water quality of receiving wetland and thus also found unfit for irrigation purposes. 
This observation was in conformity with other authors (Baruah et al, 1996; Santosh, 
2007; Mehdi et al, 2008). Baruah et al., 1996 reported that most of the parameters 
and components of the pulp and paper mill effluent were 4-50 times higher than the 
WHO permissible limit, specifically in respect to pH, alkalinity, chlorides, sulphates. 
Calcium and residual chlorine which ultimately lead to the pollution of wetland 
receiving effluent The concentration of the phosphorous, potassium, sulphate, 
sodium, calcium and magnesium in soil is found to be 41, 39, 47, 310, 33.1 & 29.8 
mg kg'' respectively. The higher value was due to addition of nutrients through 
effluent irrigation over a long period of time (Achari et al., 1999). 
The soil texture analysis showed it to be clay soil having a pH of 8.4 ± 0.25. 
The pH of the soil was comparable to those of Juwaikar et al. (1988) wiio reported the 
pH in the range of 6.9 - 8.0, while Khasim et al. (1989) and Santosh (2007) reported 
the pH of agricultural soil in the range of (7.5 - 8.6). Moreover there is no significant 
change in pH over long time due to application of paper mill effluent, as it does not 
contain any strong salt which on dissociation could change the pH significantly 
(Chhonkare/a/., 2000). 
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The organic carbon and organic matter of soil is found to be 1.36, 2.34 (%) 
respectively. The percentage is higher than the normal soil. The increase in soil 
organic carbon and organic matter may be ascribed to the continuous addition of 
organic matter through effluent irrigation. 
Atomic absorption spectrophotometric analysis of heavy metals of agricultural 
soil (irrigated with pulp and paper mill effluents) as well as paper mill effluents is 
summarized in table 1. The analysis of these test samples revealed the presence of Ni, 
Cu, Cd, Zn «fe Cr as 26.0 mg kg'', 32.1 mg kg' , 1.3 mgkg' , 79.6 mg kg ' and 15.2 mg 
kg"' in soil respectively. Most of the detected metals are considered to be toxic to the 
biological system. Bansal (1998) reported mean concentrations of heavy metals in soil 
irrigated with sewage water to be 34-36 \ig g"' for Cu, 96-100 i^g g'' for Zn and 770-
8300 lag g"' for Fe. Aleem et al, (2003) found that agricultural soil irrigated with 
waste water has a high level of metals in comparison with groimd water or 
imcontaminated agricultural soil. They foimd metal concentration in the range of 862-
105lug g-' for Fe, 36.4-48.5 ng g"' for Ni, 32.5-42.3ng g"' for Cr, 25.4-29.6ng g"' for 
Cu and 0.58 1.2 i^g g ' for Cd. The soil is a long term sink for the group of 
potentially toxic elements often referred to as heavy metals, including zinc, copper, 
nickel, lead, chromium and cadmiimi. Whilst these elements display a range of 
properties in soils including differences in mobility and bioavailabiUty, leaching 
losses and plant uptake are usually relatively small compared with the total quantities 
entering the soil from different diffuse and agricultural sources. As a consequence, 
these potentially toxic elements slowly accumulate in the soil profile over long 
periods of time. This could have long term implications for the quality of agricultural 
soils, including phytotoxicity at high coiKcntrations, the maintenance of soil 
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microbial process, and the transfer of zootoxic elements into the human diet from 
increased crop uptake or soil ingestion by grazing. 
A quantitative inventory of heavy metal inputs to agricultural soils is 
necessary to determine the scale and relative importance of different sources of 
metals, either deposited from the atmosphere or applied to farmland. Information on 
heavy metal input rates is also usefiil for estimating accumulation in soils (Harmsen 
1992). 
Of the global emission of 40 million metric ton of frace metals per annum, 
more than 70% reach the soil directly through industries and sewage effluent (Nriagu, 
1988). It has been observed that presence of certain heavy metals like lead, chromium, 
nickel and manganese in agricultural soil greatly influences the availability of the 
nutrients for plant growth (Khan et ai, 1996; Phukan and Bhattarcharyya 2003; 
Mehdi et ai, 2008). Among these, manganese is a micronutrient, while chromium, 
nickel, lead are hazardous and create complication in the utilization of other nutrients. 
The soils of fropical regions are low in organic carbon content therefore the 
addition of organic matter is always beneficial for improving the soil fertility status. 
But it is feared that the application of large amount of organic matter, i.e. the material 
with high BOD and COD, may have an adverse effect on soil health by increasing 
pC02 and temperature, and forming organic acids during decomposition which lead to 
the net immobilization of plant nutrients. However, these ill effects are temporary in 
nature and after a certain period, the system gets stabilized and adverse effects get 
nullified through degradation of organic acids (Chhonkar et al., 2000). 
A variation in the population(s) of different groups of microflora in the soil 
following irrigation with pulp and paper mill effluent is summarized in table 1. The 
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total aerobic heterotroph in soil is 192x10^ CFU g"', actinomycetes (81x10^ CFU g"') 
and fungi (47x10^ CFU g ' ) . Our results for the microbiological properties of paper 
mill effluent are comparable with those of Kannan and Oblisami (1990) and Chandra 
(2005). The high level of population of bacteria, actinomycetes and fungi in the soil 
might be due to the continuous accumulation of microflora from the effluent as these 
soils were irrigated with paper mill effluent since last 30-40 years. The population 
increase might also have been due to an increase in the available nutrient status. Also 
a good relationship between microbial biomass and soil C and N contents have been 
reported by Ross et aL, (1980). 
A total 45 bacterial isolates from rhizospheric soil irrigated with pulp and 
paper mill effluents were isolated and characterized on the basis of cultural, 
morphological and biochemical characteristics and were grouped into Rhizobium, 
Pseudomonas and Azotobacter (Table 2). 
All the 45 bacterial isolates (15 each of Rhizobium, Pseudomonas and 
Azotobacter) were tested for their resistance against nine heavy metals viz., Cr^ ,^ Cr^ ,^ 
Cd^*' Cu^*' Ni^^, Zn^^ Co ^ ,^ Hg^^, Pb^^ (Table 3-5 & Fig. 1-3). In the present study 
maximimi MIC of 800 p,g ml'' was observed against Cr^ ^ and Pb^^ in 100% of 
Rhizobium isolates, while rest of the isolates show MIC of 25-200|j,g ml'* against 
Cr *, Cd ^' Cu '^ Ni *, Zn ,^ Co ^, Hg * . Pseudomonas isolates showed maximum 
MIC of 800 \ig ml-' against Cr^*, Cu^ ,^ Ni^^, Zn^^, Co ^ ,^ Pb^^. 93.3% and 33.3% of 
Azotobacter isolates showed MIC of 800 ^g mF* against Cr^ * and Pb^^. 
Most of the Azotobacter spp. were fiilly susceptible to 100 ^g mF* of metals 
like Cr6 , Cd , Cu , Ni , Zn , Co , Hg . The metal resistance may provide an 
additional competitive advantage to bacteria and can reduce phytotoxicity of metals in 
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root zone. Hasnain and Sabri (1996) reported that chromium resistant Pseudomonas 
from paint industry effluents, which were able to stimulate seed germination and 
growth of wheat in the presence of potassium dichromate. 
Microorganisms have developed the mechanisms to cope with a variety of 
toxic metals for their survival in the environment enriched with such metals (Anne, 
2003). Burd et al. (1998) found that by decreasing heavy metal toxicity, PGPR 
increases plant growth. The selection of microorganisms both metal resistant and 
efficient in producing PGP compounds can be useful to speed up the recolonization of 
the plant rhizosphere in polluted soils (Carlot et al., 2002). 
Screening of Rhizobacterial isolates for PGP activities 
Attempts have been made to asses the plant growth promoting (PGP) potential 
of certain rhizobacteria under abiotic stress (pulp and paper mill effluents) belonging 
to three diverse groups i.e. Rhizobium, Pseudomonas, andAzotobacter. 
The mechanisms by which PGPR promote plant growth is not fully 
understood but are thought to include a number of PGP traits which may act directly 
or indirectly (Vessey, 2003; Antoun and Prevost, 2005). The characteristic PGP 
features of rhizobacteria {Rhizobium, Pseudomonas and Azotobacter spp.) were 
observed in the present study indicated that most of these isolate showed three or 
more PGP activities such as production of lAA, Ammonia, Siderophore, HOST, 
Solubilization of phosphate, seed germination and antifungal activity. 
100 % isolates were positive for lAA and ammonia production, whereas 40 %, 
53.3%, 60% and 53.3% were found to be positive for phosphate solubilization, 
siderophore Hydrogen cyanide production and antifungal activity respectively for 
64 
Rhizobium isolates. However, 33.3%, 73.3%, 80% and 46.6% of Pseudomonas 
isolates were found to be positive for phosphate solubilization, siderophore. 
Hydrogen cyanide production and antifungal activity respectively, whereas 
Azotobacter isolates" (80%) were positive for siderophore production and 26.6%, 
33.3% solubilize phosphate, produce HCN respectively. However, only 60% 
displayed antifungal activity (Fig. 4-6). 
In the present study lAA production in the rhizobacterial isolates are in 
agreement with earlier reports (Ahmad et al., 2005). The ability of bacteria to produce 
lAA in the rhizosphere depends on the availability of precursors and uptake of 
microbial lAA by plants (Persello et al., 2003; Mandal et al, 2009). 
Another important trait of PGPR, that may indirectly influence the plant 
growth, is the production of ammonia. All the isolates were able to produce ammonia. 
Rhizobium, Pseudomonas and Azotobacter spp. were siderophore producers. 
Siderophores chelates iron and other metals contribute to disease suppression by 
conferring a competitive advantage to biocontrol agents for the limited supply of 
essential trace minerals in natural habitats (Hofte et al, 1992; Loper and Henkels., 
1997). Siderophores may directly stimulate the biosynthesis of other antimicrobial 
compounds by increasing the availability of these minerals to the bacteria. Antibiotic 
and siderophores may further function as stress factors or singles including local and 
systematic host resistance (Sridevi et al, 2008). 
PGP activity based typing of rhizobacteria 
Fifteen isolates each of Rhizobium, Pseudomonas and Azotobacter were 
selected and screened for then- multiple PGP activities (Fig. 5-7). The Rhizobium 
isolates were grouped into eleven PGP types. lAA and ammonia were the most 
common PGP traits of Rhizobium followed by HQ«1 production (60%), siderophore 
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production and antifungal activity (53.3%). Only six isolates (40%) solubilize 
phosphate. Similarly Pseudomonas and Azotobacter isolates were grouped into ten 
PGP types. Production of lAA and ammonia was most common PGP activity of 
Pseudomonas followed by HCN production (80%), siderophore production (73.3%), 
antifungal activity (46.6%) and phosphate solubilzation (33.3%), whereas in case of 
Azotobacter, lAA and ammonia was also most common PGP activity followed by 
siderophore production (80%), antifungal activity (60%), HCN production (33.3%). 
Only four isolates (26.6%) solubilize phosphate. 
In the present investigation, potential PGPR (Rhizobium, Pseudomonas and 
Azotobacter) were able to solubilize phosphorous. Our rhizobacterial isolates showed 
varied levels (3.31-25.89 ng ml"') of phosphate solubilization (Fig. 8-10). Level of 
phosphate solubilization by Rhizobium isolates vary from 3.31 20.9 ng ml'^ in which 
isolates Rz-5, 13 and 15 solubilize maximum phosphate (20.9 ^g ml"') after 12 days 
of incubation. Similarly phosphate solubiliztion by Pseudomonas isolates vary from 
(3.8-21.0ng ml"'). Ps-6 and Ps-11 solubilize maximimi phosphate (21.0 \ig ml"') after 
12 of incubation. Whereas phosphate solubilizations by Azotobacter isolates vary 
from 3.2-26.9 \ig ml"' and Az-11 & 12 solubilize maximum phosphate (26.9 jig ml"') 
under same experimental conditions. In the present study phosphate solubilization by 
bacterial isolates from contaminated soil is not significant as compared to ground 
water irrigated soil isolates (Table 10). High salt concentration, pH and temperature 
hamper phosphate solubilization capacity of rhizobacteria (Rajankar et ah, 2007). 
Phosphorous is one of the essential plant nutrients. Many soils throu^out the world 
are P-deficient because the free phosphorous concentration (the form available to 
plants) even in fertile soils is generally not higher than lO^M even at pH 6.5. Tropical 
and subtropical soils are thus generally deficient in phosphorous (Reyes, 2006). On an 
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average, most mineral nutrient in soil solution are present in milli-molar amounts. 
However, phosphorous is present in micro-molar or lesser quantities. These low levels 
of P are due to high reactivity of soluble P with Calcium (Ca), Iron (Fe) or Aluminum 
(Al) that leads to P precipitation. Rhizobacteria with phosphate solubilizing ability are 
commonly isolated from soils (Nautiyal et al., 2000; Kumar et al., 2001). 
Mechanisms of phosphate solubilization include organic acid and enzymes production 
which help in phosphate solubilization (Poimiurugan et al., 2006). 
We screened all the rhizobacterial isolates for siderophore production (Fig. 
11-13). All the isolates are found to produce both benzoate and salicylate type of 
siderophore, but the level of siderophores was low. As compared to ground water 
irrigated soil isolates (Table 10) the level of siderophore production in Rhizobium and 
Azotobacter isolates is ~15.9|ag ml'' and 14.6|ig ml'' respectively. Our findings on 
siderophore production are corroborated with other workers (Knops et al., 1984; Page, 
1987; Sridevi et al., 2008). Sridevi et al. (2008) reported the same level of catechol 
type of siderophore by rhizobacterial isolates. As compared to Rhizobium and 
Azotobacter isolates Pseudomonas isolates produced low level of both types of 
siderophoes (0.8-11.4^g ml"'). Present finding indicated that siderophore production 
vary with different groups of rhizobacteria (Rhizobium (66.6%), Pseudomonas (80%) 
and Azotobacter (86.6%). Our findings regarding siderophore production by 
rhizobactreial isolates are in ^reement with Chun et al. (2008).They also reported the 
production of siderophore in rhizobacteria from soil irrigated with wastewater. 
The production of siderophore has been considered as an important PGP trait 
of rhizobacteria. Minimal iron concentrations for optimal growth of many microbes 
are approximately 10'^ to 10''(Lankford. 1973). To circumvent this problem many soil 
microorganisms secrete low molecular weight iron-binding molecules (siderophores) 
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that bind Fe^^ and transport back to the microbial cell making it available for 
microbial growth. Besides microbial iron nutrition, many siderophores also play a 
very important role in microbial infection and antagonism of plant growth promoting 
rhizobacteria (PGPR) against plant pathogens (Franza et al., 2005). Basically 
siderophores are considered to be two types, viz., secondary hydroxamic acids and 
catechol types (Sridevi et al, 2008). Further most of the catechol types are derivatives 
of 2,3-dihydroxy benzoic acid (DHBA) and salicylic acid (SA) (Xie et al, 2006). The 
ecological significance of microbial siderophores is to directly promote plant growth 
by supplying iron, to contribute to disease suppression by conferring a competitive 
advantage to biocontrol agents (Leper and Hankels, 1997) and to increase competitive 
abilities of bacteria (Pandey et al, 2005). 
The results of lAA production are presented in Fig. 14-16. lAA produced by 
the bacterial isolates were detected in the medium with 0, 50,100,200 and 500 (xg ml' 
' tryptophan concentration after 24-30 h of incubation. The amount of lAA produced 
differed among isolates and were concentration dependent. In our study, all the 
rhizobacterial isolates produced good amount of lAA. The Rhizobium isolates 
produced lAA in the range of 7.7-28.6)ig ml"'. Similarly the lAA concentration 
produced by Pseudomonas and Azotobacter isolates varies from 6J-24.6\ig m l ' . The 
production of lAA in the presence of a wide range of trytophan concentration showed 
a concentration dependent increase with all tested rhizobacterial isolates. Several 
authors have reported increased level of lAA production in the presence of precursors 
in Rhizobium (Sridevi et al, 2008), Azotobacter (Husen, 2003) and Pseudomonas 
fluorescence (Velmurugan, 2008; Joseph et al, 2007; Ahmad et al, 2005). The 
possible reason for normal production of lAA under paper mill wastewater irrigation 
is that the bacteria possess capability to degrade the organic contaminants present in 
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wastewater (Ahmad et al, 7997; Chun et al., 2008). Our results of lAA production 
were more or less same as that of ground water irrigated soil isolates (Table 10). 
Production of plant growth hormones including lAA is one of the most 
important PGP traits stimulating plant growth. Present study revealed that lAA or its 
analogues produced by 100% of the test isolates. The high incidences of lAA 
production among rhizobacteria have been reported by many other workers from 
different parts of the world ( Sridevi et al., 2008; Ahmad et al., 2005). lAA is one of 
the most physiologically active auxins. lAA is a common product of L-tryptophan 
metabolism by several microorganisms (Mandail et al., 2007). hi addition to lAA 
other growth promoting regulators such as cytokonins, gibberellins and ethylene have 
been widely detected in A. chroococum, Azospirllium, and Rhizobium as well as other 
soil bacteria (Arshad and Frankenberger, 1993; Ahmad et al., 2005). 
In vitro inhibition of fungal growth by Rhizobium, Pseudomonas and 
Azotobacter isolates against Fusarium oxysporum, Aspergillus and Alternaria spp was 
investigated by agar well diffusion method using whole cell broth (Fig. 17-19). 
Among the phytopathogens, Fusarium oxysporum was found to be the most sensitive 
strain as compared to other test fungi. In contrast Aspergillus sp. was most resistant to 
test PGPR isolates. All nine isolates of Azotobacter inhibit the growth of Fusarium 
oxysporum and Alternaria sp., whereas eight isolates inhibit the growth of Aspergillus 
spp., while Rz-1, 15, Ps-1, 15 and Az-1, 15 inhibited the growth of all three test 
fungal isolates. Similar findings of antifungal activity in ifaizobacterial isolates have 
been reported (Nautiyal, 1997; Arfaoui et al., 2005; Kaur, 2007 and Shalini et al., 
2008). 
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Doneche and Macantoni (1992) reported that antagonistic activity of 
Azotobacter against Botrytis cinerea pers. could be due to the production of low 
molecular weight substances (siderophore). Kaur et al. (2007) reported that there are 
various mechanisms by which Pseudomonas inhibit the growth of fungi like the 
production of antibiotics, as well as siderophores. Rhizobium uses several mechanisms 
that allow it to control phytopathogens. These mechanisms include competition for 
iron by production of siderophores (Arora et al., 2001), nutrients (Essalmani H., 
Lahlou H., 2002), production of antibiotics (Ehteshamul-Haque S., Ghaffar A., 1993; 
Arfaoui et al., 2006). 
Influence of isolated rhizobacterial treatment in seedling growth of Vigna 
radiata var PDM 139 was examined for 3-5 days on soft agar in petriplates (Table:6-
8). All the bacterial isolates gave positive results for seed germination. Interestingly 
none of the test isolates adversely affect the seedling growth. Similar results were also 
reported for seed germination imder the influence of rhizobacteria by Cakmakci et al 
(2007) and Ashrafuzzaman et al (2009). 
We screened most of the isolates which were having potential of plant growth 
promotion (Rhizobium, Pseudomonas and Azotrobacter) for the presence of 
nitrogenase enzyme by acetylene reduction assay (Table 9). Our observations 
revealed that the isolates were able to reduce acetylene imder stress conditions and 
showed varying levels of acetylene reduction. Acetylene reduction assay in 
rhizobacteria for the presence of nitrogenase enzyme has also been studied by Lie, 
(1971) and Gothwal et al. (2007). Present results indicated that one of the Azotobacter 
isolate (Az-14) produced 274.12 nmoles of C2 H4 hr'' per mg of protein. Other 
isolates show values ranges from 17.20 -41.26 and 14.84-176.08 nmoles of C2 H4 hr"* 
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per mg of protein respectively. Our results are in tune with (Ahmad et al, 1997; 
Gothwal et al, 2007; Husen, 2003. They also reported more or less same values 
(70.3-216.9 nmoles of C2 H4 h r ' per mg of protein). The Azotobacter and Rhizobium 
protect their nitrogehase from environmental stress by slime production (Madigan and 
Martinko, 2006) whereas Pseudomonas has no such type of protection system. 
Nitrogen (N) is the key plant nutrient required for the plant growth. The 
elemental N is abundant in the earth's atmosphere (Muthukumarasamy, 2002). 
However; most of the tropical soils are deficient in available N. In ecosystems with 
low inputs and without any fertilization or soil amendments by humans, the nutrients 
available to plants come either from atmospheric inputs (Calvaruso, 2006) or from 
biological fixation (Postgate, 1993). Biological nitrogen fixation (BNF) is one of the 
important way of converting elemental nitrogen into plant useable form. A number of 
microbes are involved in the process of BNF, which contains nitrogenase enzyme 
responsible for fixing atmospheric dinitrogen into soil, thus improving the soil 
fertility. Therefore, it is an excellent, economically and envu-onmentally sound source 
to substitute fertilizer N (Pareek, 2002). The BNF is estimated to contribute 180 x 10^ 
metric tons year' globally and about 80% comes from symbiotic associations. 
Besides, symbiotic nitrogen fixation, the non symbiotic nifrogen fixation is also 
known to be of great agronomic significance (Tilak, 2005). 
All the rhizobacterial isolates were screened for the presence of plasmid DNA. 
Figure: 20 Shows the relative motilities of the plasmid DNA on agarose gel isolated 
from the plant growth promoting rhizobacteria (PGPR) from the soil receiving pulp 
and p ^ e r mill effluents. Our findings are sunilar to those of Campbell et al. (1995). 
They isolated 142 rhizobacterial isolates from agricultural and industrial soil and 
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reported that 43% of the isolates have plasmid and majority of the plasmids have sizes 
of more than 50 kb. Malik et al, (2002) isolated 70 bacteria from agricultural and 
industrial soil and they examined for their plasmid DNA. On a percentage basis they 
reported that 91.4% of isolates from indusfrial soils were found to harbour plasmid 
and 40% of the isolates from agricultural soils contained plasmids. 
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Table: 1 physicochemical analysis and biological characteristics of wastewater and 
soil 
Parameters Wastewater 
(mgl ' ) 
Soil 
(mg kg') 
pH 7.8 ±0.5 8.4 ±0.25 
Total solids 1980 ± 1.84 ND 
Soil texture ND Clay 
Organic C (%) 1.68 ±0.11 1.36 ±0.03 
Organic matter (%) N.D 2.34 ±0.07 
Water content (%) N.D • 43 ±6.13 
Phosphorus 3.92 ± 0.34 41±5.11 
Potassium 139.1 ±4.56 39 ±5.0 
Sulphate 192 ±7.08 47 ±7.12 
Sodium 94.4 ±2.1 310±1.14 
Chloride 147 ± 3.45 ND 
Calcium 275.2 ± 6.54 33.1 ±3.98 
Magnesium 43 ± 3.47 29.8 ±1.56 
Nickel 0.83 ± 0.02 26 ±1.93 
Copper 3.5 ±0.41 32.112.63 
Cadmium 0.12 ±0.05 1.3 ±0.07 
Zinc 1.42 ±0.25 79.6 ±1.70 
Chromium 3.02 ±0.12 15.2 ±0.49 
Total Aerobic 125x106 ±21x106* 192 xl06± 8.0x106* 
Heterotrophs 
Actinomycetes 4 9 x l 0 3 ± 4.1x103 81 : xl03± 4.5x103 
Fungi 19xl02± 3.0x102 16x103 ±2.0x1063 
*Each value is the mean of three independent experiments carried out in duplicate 
ND: Not Done, * Values are in CFU ml"' & CPU g"'. 
± = Standard Deviation. 
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Table 2: Morphological and biochemical properties of the test isolates 
Morphology / Rhizobium spp. Pseudomonas spp. Azotobacter spp. 
Biochemical reactions  
Gram reaction Negative Negative Negative 
Cell Shape Rods Rods Rods 
Polysaccharide 
Production 
++ ++ 
Nitrate reduction 100 100 93.33 
Catalase test 100 100 100 
Starch hydrolysis 46.66 73.33 53.33 
Gelatin hydrolysis 40.0 53.33 26.66 
Utilization of: 
Citrate 100 80.0 100 
Glucose 80.0 100 53.33 
Fructose 100 100 60.0 
Lactose 86.66 100 53.33 
Sucrose 86.66 100 66.66 
Mannitol 100 73.33 46.66 
Indole production 0 0 20.0 
Methyl red 46.66 46.66 40.0 
Voges proskauer 93.33 60 73.33 . 
Oxidase N.D 100 100 
*ND: Not Done 
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Table 3: MIC of heavy metals of Rhizobium spp. isolated from soil irrigated with 
pulp and paper mill effluents 
Metal Conc.(|jg ml ' ) 
Isolates Cr .6+ Cr^ Cd' Cu 2+ Ni' Zn' Co' Hg' Pb' 
1. 200 800 25 200 100 100 100 25 800 
2. 200 800 25 200 100 100 100 25 800 
3. 200 800 25 200 100 100 100 25 800 
4. 200 800 25 200 100 200 100 25 800 
5. 200 800 50 200 100 50 100 25 800 
6. 200 800 50 200 100 200 100 25 800 
7. 200 800 50 100 100 200 100 25 800 
8. 200 800 50 100 100 200 100 50 800 
9. 200 800 50 100 100 100 100 50 800 
10. 200 800 50 100 100 100 100 25 800 
11. 200 800 50 200 100 100 100 25 800 
12. 200 800 50 200 100 100 100 50 800 
13. 100 800 50 100 100 200 50 25 800 
14. 100 800 50 200 100 200 50 25 800 
15. 100 800 50 200 100 100 50 25 800 
I Cr6+ • Cr3+ • Cd2+ a Cu2+ • Ni2+ • Zh2+ • Co2+ • Hg2+ • Pb2-^ 
100 
90 
80 
70 
60 
50 
40 j 
30 
20 
io^ 
O^ I M 
fl 
25 50 100 200 
M IC (MS m l - l ) 
8 0 0 
Fig: 1 Heavy metal MIC oiRhizobium isolates 
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Table 4: MIC of heavy metals of Pseudomonas spp, isolated from soil irrigated with 
pulp and paper mill eflluents 
Metal Conc.(|jg ml" ') 
Isolates Cr"^ Cr^^ Cd'^ Cu'" Ni'" Zn^^ Co^^ Hg^^ Pb^" 
1. 100 3200 100 400 400 800 200 25 1600 
2. 100 1600 100 400 400 800 200 3.12 1600 
3. 100 3200 100 400 400 800 400 3.12 1600 
4. 100 1600 100 400 400 400 400 12.5 1600 
5. 100 1600 100 400 400 800 200 12.5 1600 
6. 100 3200 100 400 400 800 200 12.5 1600 
7. 100 3200 100 400 400 800 200 12.5 1600 
8. 100 3200 100 200 400 800 200 3.12 1600 
9. 100 800 100 400 400 800 400 25 1600 
10. 100 1600 50 400 400 800 400 6.25 1600 
11. 100 3200 100 400 400 800 400 6.25 800 
12. 100 1600 100 400 400 800 200 12.5 1600 
13. 50 1600 100 400 400 800 400 3.12 1600 
14. 100 1600 100 400 400 800 400 3.12 1600 
15. 100 1600 100 400 400 800 400 3.12 1600 
• Cre-^ • CrS-*- • Caz* O Cu2-»- • Ni2-<- B Zn2+ m Co2-i- O Hg2+ • Pb2+ 
1 
100i 
90 
80 
70 
60 
50 
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20 
10^ 1 Dm J 1. J 1 
3 12 6-25 12.5 25 50 100 200 400 SCO 1600 3200 
MIC (pg ml-1) 
Fig: 2 Heavy metal MIC of Pseudomonas isolates. 
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Table 5: MIC of heavy metals oi Azotobacter spp. isolated from soil irrigated with 
pulp and paper mill effluents  
Metal cone. (|jg ml' ) 
T T TT Isolates Cr .6+ Cr^  Cd 2+ Cu^  m 
2+ Zn 2+ Co Hg Pb' 
1. 25 800 12.5 12.5 25 50 50 12.5 800 
2. 6.25 800 12.5 12.5 25 25 50 12.5 800 
3. 6.25 800 12.5 12.5 25 100 50 12.5 800 
4. 6.25 800 6.25 12.5 25 100 50 12.5 800 
5. 6.25 800 J2.5 12.5 25 50 \00 12.5 800 
6. 6.25 800 25 6.25 12.5 12.5 50 12.5 400 
7. 6.25 800 12.5 6.25 25 50 100 12.5 400 
8. 6.25 400 12.5 6.25 25 12.5 100 12.5 400 
9. 6.25 800 25 6.25 25 25 100 25 400 
10. 6.25 800 50 6.25 25 12.5 100 25 400 
11. 12.5 800 12.5 6.25 25 25 100 12.5 400 
12. 6.25 800 50 25 25 12.5 100 25 400 
13. 25 800 50 25 12.5 25 50 12.5 400 
14. 25 800 50 12.5 25 25 50 25 400 
15. 6.25 800 50 6.25 25 25 50 25 400 
Crfr»- • Cr3+ D Cd2+ D Cii2+ • Ni2->- D Zh2+ • Co2+ D Hg2+ • Rb2'*^ p^^ 7"77==5: 
100] 
90^ 
RO 1 70 
1. 60 bO 
s 40 
iE 30 
Q. 20 
10i 
0^ 
J^. 9/x^ 
I 
- V ^ y/fr-^  Un 
6.25 12.5 25 50 100 400 800 
MIC (pg ml-1) 
Fig: 3 Heavy metal MIC of Azotobacter isolates. 
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Table 6: Effect of Rhizobium inoculation on seed germination after 5 days of 
growth 
Bacterial Radicle Length (cm) Plumule length (cm) 
isolates 
Control 3.96 10.57 6.3 ±0 .85 
Rz-1 9.90 ± 2.26 10.53 ± 0.50 
Rz-2 11.26 ± 1.61 12.33 ± 0.76 
Rz-3 9.80 ± 1.25 12.16 ± 0 . 7 6 
Rz-4 9.52 ± 2.86 13.00 ± 0.00 
Rz-5 12.45 ± 0.56 11.60 ± 0 . 9 6 
Rz-6 10.60 + 0.79 12.06 ± 0.20 
Rz-7 9.36 ± 0.77 13.23 ± 1.36 
Rz-8 9.70 ± 0.26 10.00 ± 1.00 
Rz-9 11.10 ± 1.92 10.66 ± 1.52 
Rz-10 10.00 ± 0.00 10.66 ± 2 . 5 1 
Rz-11 12.80 ± 1.75 9.00 ± 2.00 
Rz-12 10.16 ± 0 . 2 0 12.40 ± 0.36 
Rz-13 9.63 + 0.55 10.96 ± 1.85 
Rz-14 13.00 + 5.19 11.33 ± 2 . 5 6 
Rz-15 11.50 ± 0 . 5 0 12.50 ± 0.50 
•Values are mean of three replicates with ± SD. 
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Table 7: Effiect of Pseudomonas inoculation on seed germination after 5 days of 
growth 
Bacterial Radicle Length (cm) Plumule length (cm) 
isolates -
Control 5.15 ±0.62 7.23 ± 0.43 
Ps-1 9.43 + 0.40 10.43 ±1.37 
Ps-2 9.40 + 0 .43 15.00 ± 0.00 
Ps-3 10.50 ± 0.90 11.66 ± 3 . 2 1 
Ps-4 10.40 ± 1.05 14.16 ± 1.05 
Ps-5 8.10 ± 1.37 11.66 ± 0 . 2 8 
Ps-6 9.30 ± 0.80 11.90 ± 0 . 1 7 
Ps-7 10.56 ± 0 .45 14.66 ± 0.28 
Ps-8 7.60 ± 0 . 1 7 10.10 ± 0 . 1 7 
Ps-9 11.00 ± 1.00 12.06 ± 0.90 
Ps-10 9.16 ± 1.71 10.53 ± 1.82 
Ps-11 10.56 ± 0.85 15.66 ± 0.57 
Ps-12 9.03 ± 1.15 9 .23 ± 1.15 
Ps-13 9.93 ± 0.70 10.50 ± 0.86 
Ps-14 10.03 ±0.72 11.73 ± 1.61 
Ps-15 10.40 ± 1.96 10.93 ± 1.28 
•Values are mean of three repKcates with ± SD. 
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Table 8: Eflect of Azotobacter inoculation on seed germination after 5 days of 
Growth 
Bacterial Radicle Length (cm) Plumule length (cm) 
isolates 
Control 5.60 ± 0.85 6.66 ± 0.98 
Az-1 9.33 ± 0.57 12.86 ± 1.15 
Az-2 8.60 ± 2.30 5.60 ± 1.70 
A2-3 9.03 ± 2.55 13.00 ± 2.00 
Az-4 11.06 ± 0 . 2 0 14.00 ± 0.00 
Az-5 8.33 ± 2 .08 11.00 ±2 .64 
Az-6 8.56 ± 1.06 11.90 ± 2 . 9 7 
Az-7 8.13 + 2.82 7.00 ± 2.00 
Az-8 9.00 ± 1.00 12.66 ± 1.52 
Az-9 10.23 ± 1.59 14.66 ± 1.52 
Az-10 6.33 ± 1.52 9.76 ± 1.30 
A2-II 8.73 ± 0.64 13.66 ± 0.57 
Az-12 10.73 ± 1.41 11.66 ±0 .57 
Az-13 10.80 ± 1.25 13.43 ± 0.60 
Az-14 9.16 ± 1.52 12.83 ± 0.80 
Az-15 8.86 ±1.15 13.86 ± 1.20 
•Values are mean of three replicates with ± SD. 
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Table 9: Acetylene reduction assay of some rhizobacterial isolates from 
agricultural soil receiving pulp and paper mill effluents 
S.No. Bac t e r i a l E thy lene p r o d u c e d 
i s o l a t e s ( n m o l e s of C2 H4 h r ^ 
per m g of prote in) 
29.06 ± 2.77 
18.62 ± 1.21 
39.76 ± 2.86 
17.20 ± 1.25 
35.37 ± 2.65 
29.69 ±2.18 
41.26 + 3.66 
0.49 ± 0.42 
0.21 ±0.07 
0.32 ± 0.26 
ND 
ND 
ND 
0.05 ± 0.03 
14.84 ± 1.23 
33.35 ±2.15 
48.83 ± 2.89 
33.41 ± 2.56 
17.66 ± 1.49 
176.08 ± 4.50 
•Values are mean of three replicates with ± SD. 
* ND: Not Detected 
1 R-1 
2 R-5 
3 R-6 
4 R-7 
5 R-12 
6 R-13 
7 R-15 
8 Ps-6 
9 Ps-7 
10 Ps-10 
11 Ps-12 
12 Ps-13 
13 Ps-14 
14 Ps-15 
15 Az-1 
16 Az-2 
17 Az-6 
19 Az-7 
20 Az-13 
21 Az-14 
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Fig: 4(a) Plant growth promoting activities of Rhizobium isolates. 
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Fig: 6(a) Plant growth promoting activities of Azotobacter isolates. 
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Figure: 10 Solubilization of phosphate by rhizobacteria on Pikovskaya agar medium. 
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Fig: 15 Concentration dependent lAA production by Pseudomonas isolates. 
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Fig: 16 Concentration dependent lAA production by Azotobacter isolates. 
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Fig: 17 Antifungal activity of rhizobacterial isolates against Fusarium oxysporum. 
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Fig: 18 Antifungal activity of rhizobacterial isolates digdimsi Aspergillus spp. 
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Figure: 20 Agarose gel electrophoretic profile of plasmid DNA isolated from 
plant growth promoting rhizobacteria 
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